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1.1. Foreword and objectives 
For the analytical investigations of pharmaceutical products a number of reactions 
are used which are based on complex formation or whose reagents are complexes. 
Since many of these products contain complexable functional groups, the reactions 
based on complex formation are well suited for the characterisation and, in many 
cases, for the determination of the products. 
However, several reactions of this type are based only on empirical observations 
and their chemical mechanisms are unknown. Hence it is desirable to study these 
reactions in more detail, applying the modern principles of complex chemistry. 
In several papers (91, 92, 100—103, 122—124) we have already published some of 
our results in this field, and it seemed to be very important to continue the investi-
gations of these problems. The relation between the effect-mechanism and tendency 
to complex formation of several pharmaceuticals can be well demonstrated (21, 31). 
Complex formation may cause absorption, effect-progression or elimination reac-
tions in organisms, and often unexpected processes, too. A number of properties 
of pharmaceuticals change due to complex formation. In addition to this, catalytic 
reactions and redox processes must also be taken into account (44, 144). The study 
of this group of problems can lead to many important results in this field. 
Due to their toxicological importance the analytical investigation of barbiturates 
has been elaborated and seems to be completely concluded. Nevertheless, a number 
of unstudied problems were found in the case of the thiobarbiturates. The reason 
for this is probably that, as these drugs are intraveneous narcotics, they are usually 
applied by experts (anaesthesiologits) in hospitals. Hence toxicosis is extremely rare 
and the elaboration of their analysis toxicologically has not been of such significance 
as in the case of the barbiturates. 
In this work the most frequently used short-action narcotics, the thiobarbitu-
rates, and their complexes with certain transition metals, were investigated. 
The aim was a detailed study of the colour reactions of thiobarbiturates with 
copper(II) and cobalt(II) ions, the mixed pyridinocopper(II) complexes of thiobar-
biturates, and some aspects of their structures. For the purpose of comparative 
investigations, some N N ' substituted derivatives of thiobarbiturates and also other 
mixed complexes of pyridino transition metals were prepared. 
Fo r the detailed study, the composition analysis of pyridinocopper(II) mixed 
complexes, their IR absorption and reflection spectra, electrophoretic behaviour, mag-
netic properties, thermogravimetric data, and microcrystalloscopy were used. 
In addition, the photometric determination of thiobarbiturates and the influenc-
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ing fac tors were examined. Several new methods are repor ted , a n d it is hoped t h a t 
the results of theoretical considerat ions, synthesis and s t ruc ture invest igat ions o b t a i n -
ed so far will be used in practical pharmaceut ical analysis. 
1.2. Introduction 
Thiobarbi tur ic acid derivatives, applied in t ravenously , are m o d e r n narcot ics . 
The presence of sulphur in the molecule causes shor tening of the per iod of 
narcosis, presumably due to lower wa te r -and higher l ipoid-solubili ty. T h i o b a r b i t u r i c 
acid was first prepared in 1887 by MICHAEL (84, 85), diethyl th ioba rb i tu r i c acid in 
1904 by FISCHER and DILTHEY (40). and different su lphur-conta in ing b a r b i t u r a t e s 
by JOHNSON and HILL (60) in 1911. However, at tha t t ime their therapeut ica l signi-
ficance was not recognised. TABERN and VOLWILER (139) prepared 5-ethyl-5-( 1-
methylbutyl)-2-thoibarbi tur ic acid in 1935, and this was successfully appl ied in t h e r a p y 
in the same year. Use of the th iobarbi tura tes gradual ly became widespread . A c c o r d -
ing to BUNDEE (16), their appl icat ion compared with o ther in t ravenous narco t ics 
increased f r o m 0,8% in 1935 to 79,7 per cent in 1954, and at present it is on an even 
higher level. 
Since a number of difficulties arise in the de te rmina t ion of th ioba rb i tu r i c acids 
due to their unstability, we a t tempted to prepare c o m p o u n d s which a re m o r e s tab le 
and in which the th iobarb i tu ra tes can be de termined directly. For th is pu rpose , as 
our preliminary experiments showed, the p h o t o m e t r y of copper ( l l ) , py r id inocop-
per(II), and cobal t(II) th iobarb i tu ra te complexes seemed to be the mos t sui table . 
Therefore , the preparat ion of these complexes and the proper t ies of the mixed c o m -
plexes were examined in detail so that quanti tat ive m e t h o d s of de t e rmina t ion cou ld 
be devised. In addit ion, it was p lanned to s tudy the co lour stabili ty of t he complexes 
in different solvents, and the possibility of their separa t ion . 
In the course of the investigations, systematic exper iments were car r ied out with 
the th iobarbi tur ic acid derivatives listed in Tab le 1, toge ther with some special deriv-
atives reported in Chapter 2.1. 
The fo rmula of the parent compound is 
N H — C O R 
S 
N H — C O R, 
where R t and R2 = H. 
The sodium and th iobarb i tura te contents of the th ioba rb i tu ra t e s were de t e rmined 
a c c o r d i n g t o t h e s p e c i f i c a t i o n s o f t h e PHARMACOPOEA INTERNATIONALIS, E d . I a n d 
all the products used met the prescribed requ i rements (112) . 
Table 1 
The most frequent thiobarbituric acid derivatives subjected to investigation 








— C H , — C H , 
— C H — C H , — C H , 







242,31 — C H , — C H , 
—CH C H , — C H , — C H , 
C H , 
155 
5—allyl—5—(2—methylpropyl)— 
— 2 - thiobarbituric acid Baytinal 240,31 — C H , CH C H , 
— C H , C H — C H , 
C H , 
145 
5 -allyl—5—(1—cyclohexenyl;— 




264,33 — C H , — C H C H , 
C H , — C H , 
—С CH, 
CH — C H , 
139 
233 2 -thiobarbituric acid 144,15 —H — H 
Abbreviations 
The chemical names of the thiobarbituric acid derivatives are abbreviated in the 
text as follows: 
5-ethyl-5-(l-methylpropyl)-2-thiobarbituric acid 
5-ethyI-5-(l -methyl butyI)-2-thiobarbituric acid 
5-allyl-5-(2-methylpropyl)-2-thiobarbituric acid 




th iobarbi tura te 
1.3. Outline of literature 
Barbiturates and thiobarbi turates f o r m complexes with different metal ions. L Ü D Y -
TENGER ( 7 9 ) prepared the bismuth and iron(III) complexes of barbi tura tes . BjöR-
LING and his co-workers ( 1 0 , 1 1 ) , ZAAR and C R O N W E L L ( 1 5 8 ) , TIMOFEEVA ( 1 4 1 ) , 
POETHKE a n d PREUSSLER ( 1 1 3 , 1 1 4 ) , PFEIL a n d G O L D B A C H ( 1 1 1 ) , a n d K L O E C K I N G ( 6 8 ) 
studied the format ion and properties of the m e r c u r y ( I I ) complex, while F Ü R S T ( 4 6 ) 
examined the silver complexes of barbiturates. RISTICI ( 1 1 7 ) applied th ioba rb i tu ra t e 
reagents for the determination of cadmium, then determined the water conten t of the 
cadmium(I l ) thiobarbi turate complex with a der ivatograph (118). Nevertheless, mos t 
authors used cobalt(U) or copper( l l ) complexes to determine barbi turates since they 
can be applied favourably for colorimetric determinat ion of these c o m p o u n d s . 
It was L INDBERGER ( 7 6 ) who first studied in 1 9 2 5 the reaction of barb i tu ra tes wi th 
copper(I l) ions and used the characteristic crystalline "copper c o m p o u n d " of Verona l 
for toxicological detection. J O N S S O N ( 6 1 ) investigated the microdetection of ba rb i tu -
rates for example in a copper(Il) acetate (potass ium acetate) pyridine med ium. Z W I K -
K E R ( 1 5 9 , 1 6 0 ) prepared the purple-violet precipitate of the pyr idinocopper(II ) complex 
of diethylbarbituric acid and determined its composi t ion. His procedure was appl ied 
to prepare and determine complexes of different barbi tur ic acid derivatives by a n u m -
ber of authors , e.g. W I N T E R S ( 1 5 7 ) , W A G E N A A R ( 1 5 1 , 1 5 2 ) , F I E L K O V and R A P A P O R T 
( 3 8 ) , LEVI a n d H U B L E Y ( 7 5 ) , R O M I J N ( 1 1 9 — 1 2 1 ) F L O T O W ( 4 2 ) a n d F Ü R S T ( 4 6 . ) 
According to P A R R I ' S investigations ( 1 0 6 ) , in an a m m o n i a m e d i u m or in the pre-
sence of an organic base, barbi turates and cobalt(II) chloride form a violet complex 
which is also suitable for colorimetric determinat ion. 
This reaction was later investigated in detail by Z W I K K E R ( 1 6 0 , 1 6 1 ) , K O P P Á N Y I 
and his co-workers ( 6 9 , 7 0 ) , B A G G E S G A A R D — R A S M U S S E N and JERSLEV ( 4 ) , and P O P O -
VA and K R A M O R E N K O ( 1 1 5 ) . It was also used in various modif icat ions ( 2 0 , 2 2 , 7 7 , 8 2 , 
110) for the determination of certain barbiturates and for the development of c h r o m a -
tograms (43, 131, 143, 153). 
Copper(I l ) and cobalt(Il) ions, in the presence of inorganic and organic bases, a re 
especially suitable for the determination of th iobarbi tura tes due to the green co lour 
of their thiobarbi turate complexes. Since barbi tura tes are purple-violet it is poss ible 
to differentiate thiobarbi turates on this basis. 
Considerably fewer reactions and modifications can be found for the qual i ta t ive 
E M P T B 
E M B T B 
A M P T B 
A C H T B 
T B A 
РУ 
b a r b 
Т В 
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detection of thiobarbiturates than for barbiturates, and there are only sparse data for 
their determination. 
In an investigation of the thiocarbamide derivatives, S H I O M O T A N I ( 1 3 2 ) gave an 
account of the metal complexes of thiobarbiturates with cobalt and copper salts, and 
studied their colour formations f rom a qualitative viewpoint. 
S C H M I D T ( 1 2 7 ) carried out microscopic examinations of crystalline precipitates of 
many barbiturates and several thiobarbiturates prepared with the Z W I K K E R reagent 
(159) on slides, and established their optical properties. He reported data on Baytinal, 
Inactin, Thiogenal and Trapanal. 
The pyridinocopper(II) reagent was used by J O A N I D and B O R S ( 5 9 ) for the detec-
tion of thiobarbiturates in microchemical materials, and by B O U C H E R L E and C A U ( 1 3 ) 
for the same purpose in biological materials. 
For the determination of thiobarbiturates, R A V E N T O S ( 1 1 ) applied diethylamine 
and anhydrous copper(II) sulphate in methanol. 
In the case of Inactin and Thiogenal, HEISE and K IMBEL ( 5 3 ) suggested an alka-
line cobalt(II) chloride solution in methanol. 
L O B A N O V ( 7 8 ) carried out the determination of 5-ethyl-5-methyl-2-thiobarbituric 
acid and its sodium salt by means of copper(Il) sulphate reduced with hydroxylamine 
hydrochloride in a solution saturated with ammonia. A yellow complex was produced 
which could be measured at 400 nm. 
It is apparent f rom this short summary that, in the case of the thiobarbiturates, 
the cobalt(H) and copper(Il) complexes and. the mixed complexes formed with amines 
are the most significant derivatives for the quantitative determination. Therefore, it 
seemed reasonable to study both of these reactions in more detail, and to examine 
factors affecting the formation of these complexes and their photometric determina-
tion. 
G O M A H R and K R E S B A C H (50) found that all the compounds containing —CO— 
— N H — C O — o r — C O — N H — C S — g r o u p s in their molecules gave coloured com-
plexes with cobalt(II) or copper(II) ions and amines. Compuonds containing the —CO 
—NH—CS— group gave a green colour. As an analogous compound the well-known 
complex Cu(TI) (py)2 (SCN)2 can be mentioned which is also green. 
According to AWE and W I N K L E R (2), all the compounds containing 
Ii I 
= N — С — N < o r — N = C — N < groups give the Z W I K K E R reaction (160). These 
are as follows: some carbamide and thiocarbamide derivatives such as hydantoin and 
5,5-diphenylhydantoin, sulphathiazole, phthalysulphathiazole, succinylsulphathiazole 
and some other sulphonamides. Of the purine derivatives theobromine, theophylline 
and thiamine give the reaction. In addition, uracil, alloxan, tricarbonimide, phthali-
mide and succinimide give similar reactions with barbiturates. However, if the reac-
tion medium is properly chosen these compounds do not disturb the reaction. Hence 
it can be considered as reasonably specific for the thiobarbiturates. 
The P A R R I (106) and Z W I K K E R (159) reactions have been investigated many times 
in connection with barbiturates and the results can be summarized as follows. 
In the P A R R I reaction, absolute ethanol, chloroform, ethyl acetate and glycerin 
have been used besides methanol. Methanol and chloroform proved to be the most 
suitable. 
Cobalt(Il) was applied as its nitrate, chloride of acetate. 
To make the medium alkaline, ammonium, potassium, sodium, lithium and 
barium hydroxides have been applied. According to Z W I K K E R ' S examinations (159), 
in the case of lithium hydroxide, the sensitivity of the reaction decreases significantly. 
Instead of these inorganic compounds, diethylamine, n- and isopropylamine, 
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n- and isobutylamine, isoamylamine, pyridine, piperidine and piperazine were 
suggested to produce the basic medium. 
K O P P Á N Y I and his associates (69, 70) established that the saturated primary 
amines, especially isopropylamine, gave the best results. In an examination of bar-
biturates, Z W I K K E R ( 1 5 9 ) suggested the use of pyridine together with copper(II) 
because it was found that pyridine increased the colour intensity and the sensitivity 
of the reaction. 
The validity of the Bouguer-Lambert-Beer rule for barbiturates in these reac-
tions, disputed by some authors, was proved by P A U L U S and P R I B I L L A (110). They 
found the peaks of the absorption curve to lie between 560 and 600 nm depending 
on the reaction conditions. 
The cooper(II) and cobalt(II) complexes of barbiturates and thiobarbi turates 
also show a characteristic absorption in the UV region. These bands can be assigned 
to the barbiturate and thiobarbiturate components (80). 
The UV spectra of the barbiturate derivatives were investigated by P O E T H K E 
a n d PREUSSLER ( 1 1 4 ) a n d S T A N O V N I K a n d TISLER ( 1 3 5 ) . 
Contrary to the opinion of D I L L E and K O P P Á N Y I ( 2 8 ) , B R U N D A G E and G R U B E R 
(15) found that there was no connection between the intensity of the colour produced 
by complex formation and the molecular weight of barbiturates. Consequently it 
was impossible to use one barbiturate as standard for the determination of ano the r 
one, and to convert the result by a factor.as in the case of sulphonamides. 
There have been a number of hypotheses as to the composit ion of the comp-
lexes. Z W I K K E R ( 1 6 0 ) described the following barbiturate complexes: 
[(barb)2 Co (NH3)e] OH brown 
[(barb)2 Co (NH3)J OH brown 
[(barb), Co (ClOH)] К blue 
[Cl,(barb)2 Co]Ba.3 [CI (OH)(barb)2 Co] Ba violet 
[(barb)2 Cu (py)2] violet 
In anhydrous methanol containing potassium hydroxide the resulting c o m p o u n d 
proved to be Co(barb) 2 . 
The reaction between 5-dialkylated and N-methylated barbituric acids [pre-
pared by BODENDORF'S modification (12)] cobalt(II) salts and a m m o n i u m hydroxide 
was examined by S C H W E N K E R ( 1 3 0 ) who found that the composition of the complex 
was as follows: 
Co(NH 3 ) 2 (barb) 2 
A coordination complex is formed when the alkaline component is ammonia or an 
organic base. 
These points will be discussed later. 
To summarize, the P A R R I reaction is frequently used for the determinat ion of 
barbiturates although it is not quite specific. Among its numerous advantages should 
be mentioned its simplicity and rapidity. There are also some disadvantages, e. g. 
it is not too sensitive, in the presence of inorganic hydroxides the colour is stable for 
only a limited time, and the colour intensity is not proportional to the molecular 
weight. 
The Z W I K K E R reaction is more specific; it does not react with purine derivatives 
but does react with saccharin. 
No such data can be found fo r the determination of thiobarbiturates. Complexes 
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formed from copper(II) are more stable than those obtained f rom cobalt(II) ions, 
so they are more suitable for colorimetric determinations. 
Since these findings were verified in the preliminary experiments, the first prob-
lem was to examine the pyridinocopper(II) thiobarbiturate complexes in detail. 
A number of Hungarian authors have dealt with the analysis of barbiturates, 
in particular BAYER and P O Z S G A I ( 6 ) , B U R G E R , S C H U L E K and L A D Á N Y I ( 1 7 ) , C S Á -
SZÁR arid Szűcs ( 2 5 ) , C Z U C Z Y ( 2 6 ) , D Á V I D ( 2 7 ) , E K K E R T ( 3 3 , 3 4 ) , F U C H S and co-
workers ( 4 5 ) , GERVAY ( 4 7 ) , GYENES ( 5 2 ) , Mrs. M I N C S E V ( 8 7 — 8 9 ) , N I K O U C S ( 1 0 5 ) . 
S C H U L E K a n d R Ó Z S A ( 1 2 9 ) , S Z É P a n d G R U S Z ( 1 3 8 ) , SZÁSZ ( 1 3 7 ) , SZABOLCS ( 1 4 7 ) , 
VÉGH ( 1 5 0 ) , WESSEL a n d K R E S Z L E R ( 1 5 5 ) . 
The decomposition of thiobarbiturate solutions was studied by V A S T A G H and 
SZABOLCS ( 1 4 7 ) , M r s . V A S T A G H a n d VASTAGH ( 1 4 8 ) , a n d M r s . V A S T A G H ( 1 4 9 ) . 
2.0. Investigation of transition metal pyridine thiobarbiturate mixed complexes 
2. 1. Preparation of thiobarbiturate compounds used in the investigation 
The th iobarbi tur ic acids in Table 1 were p repared by precipi tat ion f r o m the corres-
ponding commercial ly available sodium salts with hydrochlor ic acid in a q u e o u s 
medium. Af te r filtration and recrystallization f r o m a q u e o u s e thano l their mel t ing 
points were checked. The acids are required ra ther t h a n the sod ium sal ts because 
the latter, used for in t raveneous injections, easily decompose when the a m p o u l e is 
opened, they are not stable in solut ion and hence must be t rea ted with care . 
5,5'-substituted th iobarbi tur ic acids were ob ta ined simply as above . 
However , the hydroxy derivatives of th iobarb i tu r ic acid were requi red a n d , a lso 
for compara t ive purposes, the 5-, N- , 5,N-, N , N ' - , 5 ,5 ' ,N-, 5 ,N ,N ' - , a n d 5 , 5 ' , N , N ' -
substi tuted derivatives. There are examples in the l i terature of the synthesis of each 
type of c o m p o u n d . Nevertheless, it appears reasonable to publ ish o u r syntheses a n d 
analytical results on the basis of uniformity. 
In addi t ion to those ment ioned in Chap te r 1.2. (40, 60, 84, 85, 139), several a u t h -
ors have prepared th iobarbi tur ic acid and its derivat ives: EINHORN (32), WHEELER 
a n d JAMIESON ( 1 5 3 ) , M I L L E R , M U N C H , CROSSLEY a n d H Ä R T U N G ( 8 6 ) , H E P N E R a n d 
FRENKENBERG ( 5 4 ) , CROSSLEY, M I L L E R . H Ä R T U N G a n d M O O R E ( 2 4 ) , D O L Z E , G O L D -
HAHN a n d F Ü R S T ( 2 9 ) , a n d SALVESEN ( 1 2 5 ) . 
For the prepara t ion of the derivatives in quest ion we fol lowed essentially the 
m e t h o d o f F ISCHER a n d DILTHEY ( 4 0 ) . 
The basic synthesis equat ion i s : 
H. : 
C O O C 2 H 5 





C O O C 2 H 5 
C O O C 2 H 5 
R,Br 
NaOCoH. 
R l 4 / C O O Q H s 
XX 
R , C O O C , H = 
R , N H 4 
H , N 
; c = s 
N a O C H , 
14 
/ R 3 
R, / С О — N x 
c y с — s 
и С - Ь 
Rä С О — N H 
Condensat ion of malonic acid esters with thiocarbamide takes place in a relative-
ly simple way, and the yield is better than in the case of barbi turates; this is parti-
cularly so in anhydrous methanolic media. Unsubsti tuted and monoalkylmalonic 
esters condense with N-alkyl- or N,N'-dialkyl thiocarbamide similarly with a satis-
factory yield. However, condensation of a dialkylmalonic ester with N-methyl- or 
N-ethylthiocarbamide results in a mixture, and the expected trisubstituted thiobar-
bituric acid is not the main product . 
HESSE et al. (55) have pointed out that the main product is the 2-iminobarbituric 
acid. F rom the reaction mixture of diethylmalonic acid diethyl ester and N-methyl-
thiocarbamide, in addit ion to the expected 5,5'-diethyl-l-methyl-2-thiobarbituric 
acid, the following compound was isolated: 
C , H 3 / C O - N 
;c—NH—C—NH— CH3~ 
C 2 H 5 C O — N . s 
C H 3 
C 2 H 5 X C O — N H X 
/ C x / C = N — С — N H — С H a 
C 2 H 5 C O — N S 
C H 3 
As a result of suitably chosen reagents and reaction conditions we succeeded in pre-
paring the expected trisubstituted thiobarbituric acid in a satisfactory amount . 
Fo r the preparat ion of 5,5'-diaIkyl-l-methyl-2-thiobarbituric acid the most 
favourable conditions were ensured by the following reagent rat io: 1,5 mole of the 
substituted diethyl malonate, 1 mole of methylthiocarbamide, and 1,1 mole of sodium 
dissolved in methanol. 
1,5 dialkyl- and l ,3,5,5'-tetraalkyIthiobarbituric acids do not react with N-
-alkylthiocarbamide in alkaline solution. This explains the observation that the synthe-
sis of N-unsubsti tuted 2-thiobarbituric acid is followed by that of 5-alkyl-N-alkyl-2-
-thiobarbituric acid and 5,5' ,N,N'-tetraalkyl-2-thiobarbituric acid and the product 
is the expected corresponding 2-thiobarbituric acid. 
It was reasonable to discuss all this in detail because the 2-iminobarbituric acid 
derivative, possibly present as an impurity, might disturb the complex format ion 
reactions. 
Experimental 
(Melting points are not corrected.) 
Starting materials were either obtained f rom PROMONTA G m b H or were synthe-
sized. 
The following model compounds were prepared: 
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1.) 2-Thiobarbiiurk acid. 0.6 mole of sodium was dissolved in 240 ml of a n h y d r o u s 
methanol and the solution cooled to room tempera ture . 0.32 mole of t h ioca rbamide 
(dried at 100 °C) and 0.2 mole of diethyl malona te were added with con t inous stir-
ring which was continued for another hour at r oom temperature . The mixture was 
refluxed for 7 hours (still with stirring), concentrated to one third of its volume, and 
diluted with 100 ml of water. The resulting 2- thiobarbi tur ic acid was precipi tated 
by the addition of 5N hydrochloric acid until the mixture became acidic. The p roduc t 
was dried and repeatedly recrystallized from ethanol /water . 
Yield: 61% 
Molecular weight: 144.15 
M. p.: 233—5 °C (decomp.) 
Analysis: 









Found 33.26 2.85 19.40 22.17 — 
Preparation of J-alkyl-, 5-alkyl-, 1,3-dialkyl-, 1,5-dialkyl-, 
and 1,3,5-trialkylthiobarbituric acids 
The preparation of these compounds is similar to tha t described for th iobarb i -
turic acid. Unsubsti tuted or monoalkyl-substi tuted malonic ester was condensed 
with thiocarbamide, N-alkylthiocarbamide or N,N ' -d ia lkyl th iocarbamide . These 
thiobarbituric acids are stronger than the 5,5'-disubstituted acids: therefore , it was 
possible to purify them as follows. 
The crude product was repeatedly recrystallized f r o m ethanol /water , and dissol-
ved in ethanol by boiling. 20% sodium hydroxide solution was added dropwise until 
the solution became neutral. Monosodium salts of th iobarbi tur ic acids were crystalli-
zed; for analytical purposes the corresponding thiobarbi tur ic acid was ob ta ined 
f r o m the latter with diluted hydrochloric acid. 
2) l-methyl-2-thiobarbitiiric acid 
Yield: 82% 
Molecular weight: 158.1 
M. p. : 201—2°C 
Analysis: 









Found 37.87 3.70 17.59 20.18 
3) 1, 3-diethyl-2-thiobarbituric acid 
Yield: 73% 
Molecular weight: 200.2 
M. p.: 112—3°C 
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Analysis: 









Found 47.82 6.13 13.93 16.08 — 
4) l-methyl-5-phenyl-2-tliiobarbituric acid 
Yield: 51% 
Molecular weight: 234.2 
M. p . : 282—3 °C 
Analysis: 









Found 56.27 4.5 11.87 13.60 — 
5) 1,3-diethyl-5-phenyl~2-thiobarbit uric acid 
Yield: 6% 
Molecular weight: 276.3 
M. p . : 162—3°C 
Analysis: 









Found 60.68 5.90 10.08 11.45 — 
Preparation of 1,5,5,-trialkyl-2-thiobarbituric acid derivatives 
6.) 5,5-diethyl-l-methyl-2-thiobarbituric acid. 2.5 g (0.11 mole) of sodium was 
dissolved in 50 ml of methanol, the solution cooled to room temperature, and 9 g 
(0,1 mole) of N-methyl-2-thiocarbamide (dried at 100 °C) and 32.5 g (0.15 mole) 
of diethyl malona te (b. p. 106 °C) were added with cont inuous strirring. The mixture 
was stirred for half an hour at room temperature, gently refluxed (with stirring) for 
10 hours, concentrated to one third of its volume by distillation, and then 100 ml 
of water were added. The residual ester was extracted f rom the mixture with benzene, 
and the barbituric acid was precipitated f rom the aqueous phase by adjusting the 
latter to pH 2 with 5N hydrochloric acid. The organic acid was reextracted with 
benzene, which was then washed with a saturated aqueous solution of N a H C 0 3 
to remove any malonic acid. The purified benzene solution was extracted with 1 N 
N a O H f rom which the thiobarbituric acid was precipitated with hydrochloric acid. 
It was allowed to crystallize in a refrigerator. After filtration it was separated f rom 
any 5,5'-diethyl-l ,2-methyl-thiocarbonyl-iminobarbituric acid by treatment with 
carbon tetrachloride; the latter derivative is insoluble but thiobarbituric acid readily 
dissolves. 
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Pure thiobarbituric acid was obtained by recrystallization f rom e thanol /wate r . 
Yield: 9% 
Molecular weight: 214.2 
M. p. : 79.5 °C 
Analysis 
Calculated 
F o u n d 50,32 6.60 12.92 14.85 
C% H % N % S % 0 % 
50.44 6.58 13.00 14.97 11.96 
Preparation of tetraalkyl-2-thiobarbiturates 
7.) J,3.5:-tetraethy 1-2-thiobarbituric acid. 6.9 g (0.3 mole) of sodium was dis-
solved in 120 ml of anhydrous methanol and 22 g (0.16 mole) of N,N' -d ie thyl - th io-
carbamide (dried over PäOä in vacuum) and 21.6 g (0.1 mole) of die thylmalonic 
acid diethyl ester (b. p. 106 °C) were added with cont inuous stirring. The mixture was 
refluxed (with stirring) for 10 hours, concentrated to one third of its volume, and 
cooled. 100 ml of water was added, followed by 5N hydrochloric acid to pH 2, 
when the 5,5',1.3-tetraethyl-2-thiobarbituric acid separated out as an oil. It was 
extracted with ether, the extracts dried with sodium sulphate, and the ether distilled 
off. The resulting oil was fract ionated under reduced pressure. Sheet crystals separa ted 
f rom the distillate; these were dried and recrystallized f rom ethanol . 
Yield: 4% 
Molecular weight: 256.35 
M. p . : 75 °C 
Analysis: 









F o u n d 56,08 7,72 10,85 12,39 — 
2.1.1. Some data on the format ion of pyridinocopper(II) complexes with different 
thiobarbi turate derivatives not used as pharmaceuticals 
It w a s r e p o r t e d b y BAGGESGAARD-RASMUSSEN a n d JERSLEV (4 ) t h a t 5 , 5 - a n d 5 , 5 , N -
substituted barbituric acid derivatives, in a concentra t ion of 0.005—0.25%, can be 
determined with cobalt(II) chloride and isobutylamine in ch loroform. The 5-, N-, 
5.N-, N ,N ' - , 5 .N.N'- , and 5,5,N,N'-substituted derivatives do not give co lour reac-
tions and thus their quantitative determination is not possible in this way. The same 
fact is true for barbituric acid itself. 
These data are valuable since they prove that the central metal a t o m can give 
a colour reaction only if a hydrogen atom remains unsubst i tuted on at least one of 
the N atoms of the pyrimidine ring, and if two substi tuents are present on C-5 . 
In compounds where these requirements are not met, it is not possible to ob ta in 
the enol form of barbiturates necessary for bonding with the metal ion. 
In the case of thiobarbi turates such da ta could not be found and . therefore , 
w e c a r r i e d o u t t h e PARRI a n d t h e ZWIKKER r e a c t i o n s a c c o r d i n g t o C h a p t e r 2 . 2 . 
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with the 5-, N-, 5.N-, N . N ' - , 5 .N.N ' - , and 5 .5 ,N.N'-subst i tu ted th iobarbi tur ic acids 
which had been prepared according to Chap te r 2.1. We found tha t nei ther pyridino-
cobal t ( l l ) nor pyr idinocopper(I l ) complexes could be fo rmed . The same is also partial-
ly t rue for barbi tur ic acid itself. Our results are generalized and summarized in 
Table 2. 
Table 2 
Reactions of thiobarbiturate derivatives with pyridinocopper(l l) ( Z W I K K E R ) 
and pyridinocobalt (II) (modified PARRI) reagents 
Positive; green colour 
fo rmat ion N o reaction 
5,5'-substituted-2-TB 5-substituted-2-TB 
5,5\N-subst i tu ted-2-TB N-substi tuted-2-TB 
N,5-substituted-2-TB 
N.N'-subst i tuted-2-TB 
5,N,N'-substi tuted-2-TB 
5 ,5 \N,N' -subs t i tu ted-2-TB 
2-TB 
The behaviour of N,N ' - subs t i tu ted th iobarbi tur ic acid derivatives proves unam-
biguously tha t if there is no way to f o r m a 
— N 4 
;c—SH 
— N H 
group no complex fo rma t ion takes place. This fact suppor t s at the same t ime the 
hypothesis tha t the transit ion metal — ТВ bond is fo rmed with the par t ic ipat ion of 
the su lphu r a tom. 
The N-hydrogen of th iobarb i tura tes is activated due to its tendency to conju-
gation and , in the presence of substi tuents of positive inductive effect on C-5, as a 
consequence of the electron releasing effect of these substi tuents. It is, therefore , 
inclined to f o r m a sulphohydryl (en-thiol) g roup on C-2 and to give complexes. 
O u r exper iments clearly show that the two subst i tuents on C-5 play an impor tan t 
role. 
It is very interesting to compare these data with the pharmacologica l results. 
Invest igat ion shows that no narcot ic effect occurs unless there are at least two sub-
stituents on C-5, and that these should not be methyl but some of its higher homologues 
or other g roups . The pyrimidine ring is activated by N-subst i tu t ion and these com-
p o u n d s easily decompose in the body and become ineffective. The N,N ' - subs t i tu ted 
derivatives a re toxic. Thiobarbi tur ic acid derivatives decompose more easily than 
the c o r r e s p o n d i n g barbi tur ic acid derivatives, and consequently they are the best 
short-effect narcotics. 
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In agreement with the finding of Z W I K K E R ( 1 5 9 ) who exami ned the P A R R I reac-
tion in the case of the cobalt(II) complex, the pyridinocopper( II) th iobarbi turate 
complexes also easily decompose with mineral acids. The resul t ing thiobarbi tur ic 
acid can be extracted with ether and recovered unchanged. 
These investigations also support the supposition that transition metal complexes 
are not formed with decomposition products of thiobarbiturates or with the possible 
toxic N,N'-substituted impurity. This is important f rom an analytical respect. 
2.2. Preparation of pyridine thiobarbiturate mixed complexes of copper(II), 
cobalt(II), cadmium(II) and nickel(II) 
For our examinations we had to prepare pyridino transition metal complexes of some 
thiobarbiturates in crystalline from. As no literature data were availabl e, we a t tempted 
to produce the above compounds according to the methods of F IEL KOV and R A P A -
PORT ( 3 8 ) , F Ü R S T ( 4 6 ) and LEVI and H U B L E Y ( 7 5 ) originally applied for the preparat ion 
of pyridinocopper(II) complexes of barbiturates. However, these m e t h o d s did not 
give the desired results since their simple transfer to the thiobarbitu ric acid deriva-
tives proved to be unsuccessful. Therefore, we first performed some s tudies to deter-
mine the quantitative ratio of thiobarbiturate and pyridinocopper(II) reagent re-
quired for the preparation of the complex. 
Thiobarbituric acid and its derivatives are insoluble in water. W h e n preparing 
а 2 Х Ю - 2 M stock solution, sufficient pyridine was added to give a pyr id ine :wate r 
v/v ratio of 40:60. As reagent an aqueous pyridine solution of copper ( I I ) sulphate 
was used containing 5 X 1 0 - 2 M copper(ll) sulphate. Before comple t ing to volume 
100, 150," 200 or 250 ml of pyridine was added (150 ml of pyridine p r o v e d to be most 
suitable). In this way we obtained an aqueous solution containing 15% pyridine which 
was enough for the formation of Cu(II)(py)3 (K 3 =1 .14) and Cu( I I ) (py) 4 (K4 = 0.6) 
complexes, and to establish a pH of 7.4. The colour change of the so lu t ion to deep 
blue clearly indicated the complex formation. This reaction could a l so be followed 
photometrically after addition of increasing quantities of pyridine by t h e mole-rat io 
method. In the following text this compound is called the pyr idinocopper(II ) reagent. 
2.0 ml of the stock solution was allowed to react with different quant i t ies of the 
pyridinocopper(II) reagent, and the degree of crystallization and the colour of crys-
tals were observed. After filtration the crystals were washed with 5 X В ml of water 
and 5 X 8 ml of 10% methanol/water, and dried over concentrated sulphuric acid 
phosphorus pentoxide in a vacuum desiccator. 
The results are summarized in Table 3. 
The results of the above investigations show that by adding 0 .4—0.5 ml of py-
ridinocopper(II) reagent to 2 ml of 2 X 1 0 - 2 M stock solution of the th iobarb i tu r i c 
acid derivatives examined, crystals fo rm within an hour. If the quanti ty of reagent 
is decreased, the crystal-yield also decreases, until finally no crystals a re obtained. 
The same can be observed by increasing the quanti ty of reagent, cons iderably prob-
ably due to the dissolution of the precipitate. 
If a little water is poured into the reaction mixture, the solution becomes turbid 
and a precipitate is obtained; this assumes its characteristic crystal fo rm presen ted 
in Chapter 2.3. only after long standing. 
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Table 3 
Preparation of pyridinocopper(II) thiobarbi t urate complexes in crystalline form 
2X 1СГ2 M 
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No te : + + + abundant 
+ + moderate 
+ slight 
In the case of A C H T B with a small amoun t of reagent, the precipi tate is pale 
violet. If the a m o u n t of reagent added is increased to 0,5 ml, the colour of the precip-
itate becomes green. 
Star t ing with the sodium salts of th iobarbi tur ic acid derivatives, the prepara-
tion of t he crystal l ine f o r m of the complex was not successful. However , the colour 
of t he solut ions of these complexes is on intense dark green which is cons tan t fo r a 
long time. 
The complexes are soluble in d imethyl formamide , pyridine, ch lo ro fo rm, benzene 
and methano l , but insoluble in water . 
For the investigations, copper(II ) complexes were prepared in larger quant i t ies : 
0.53 g of A C H T B , 0.48 g of E M B T B . 0,48 g of A M P T B or 0.45 g of EM PTB were 
dissolved in 40 ml of pyridine, then 60 ml water was added ; to this solution 25 ml of 
pyr id inocopper( I I ) reagent was added in a thin s tream with cont inuous stirring. 
In the case of pyr id inocopper ( I I ) -ACHTB and pyr id inocopper ( I I ) -EMBTB the 
precipitates a re fo rmed at once. Pyr id inocopper ( l I ) -AMPTB and pyridinocopper(II)-
- E M P T B give da rk olive-green solutions which become turbid on the addi t ion of a 
little water . Precipitat ion takes place if the solut ions stand overnight in a refrigera-
tor. 
The p H values of the mother l iquors were 7.0—7.3. After filtration, washing, and 
drying, the precipitates were weighed. 
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Yield : 
py r id inocopper ( I I ) -ACHTB 0.66 g 88% 
pyr id inocopper ( I I ) -AM PTB 0.61 g 87% 
pyr id inocoppe r ( I I ) -EMPTB 0.47 g 71.2% 
pyr id inocopper ( I I ) -EMBTB 0.59 g 84.2% 
Af te r the prepara t ion of the pyridinocopper(II) t h i o b a r b i t u r a t e complexes , it 
was a t t empted to prepare the crystalline pyridino t h i o b a r b i t u r a t e mixed c o m p l e x e s 
of cobalt(II) , nickel(II), cadmium(H) and manganese( I I ) . The p r e p a r a t i o n w a s 
carr ied out as described above. 
As reagents, the fol lowing 5 X 1 0 ~ 2 M solu t ions were m a d e : coba l t ( I I ) n i t r a t e 
nickel(II) sulphate , cadmium(I I ) nitrate or manganese(I I ) chlor ide in water c o n t a i n i n g 
15% pyridine. F rom these reagents 0.4 ml and 0.8 ml were added , respect ively, t o 
2 ml por t ions of 0.02 M th iobarb i tu ra te stock solut ions. Crystal f o r m a t i o n o c c u r s 
on the addi t ion of as little as 0.4 ml of the pyr idinocobal t ( I I ) , nickel(II) , a n d c a d m i u m 
(II) reagents, but no crystals f o r m with the pyr id inomanganese ( I I ) r eagen t . 
Our results are shown in Table 4. 
Table 4 
Format ion of pyridinocobalt(II), cadmiu n ' l l ) , and n b k e l f l l ) th iobarb i tu ra te complexes 
Investigated 2x10"
 2 M Pyridinocobalt (II) Crystal 
c o m p o u n d 
ml 
reagent ml f o r m a t i o n 
EM PTB 2 0.4 + + brown 
AM PTB 2 0,4 + brown 
EM BTB 2 0.4 + brown 
A C H T B 2 0.4 — brown 
Pyridinocadmiuml II) 
reagent ml 
E M P T B 2 0.4 — — 
0,6 — — 
A M P T B 2 0.4 colourless 
EMBTB 2 0.4 + colourless 
A C H T B 2 0.4 + colourless 
PyridinonickeKIl) 
reagent ml 
E M P T B 7 0.4 + + green 
A M P T B 2 0,4 + + pale green 
E M B T B 2 0.4 + + dirty green 
A C H T B 2 0.4 + + green 
Note : + very slight 
+ + adequate 
That is the separat ion of the complexes in crystal l ine f o r m took place in every 
case except that of the pyr id inocadmium(l I ) -EM BTB complex . The p y r i d i n o c o b a l t ( I l ) 
reagent gave a sat isfactory a m o u n t of crystals in 8 hour s with EM PTB. w h e r e a s 
with A M PTB, EM BTB and A C H T B a longer s t and ing (abou t 48 hours ) was neces-
sary. The separa t ion is also slow when using the py r id inocadmium(I I ) r eagen t , b u t 
with the pyridinonickel(II) reagent crystal f o r m a t i o n takes place within 2 h o u r s . 
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The crystal formation of ACHTB seems favourable with the above reagents; under 
the microscope characteristic crystals could be observed. 
In addition to the pyridinocopper(II) thiobarbiturate mixed complexes, the py-
ridinocobalt(II) thiobarbiturate mixed complexes were prepared in larger amount 
as described above. The difference was that 30 ml of the corresponding reagent was 
added to the 2 X 1 0 ~ 2 M pyridine/water solution (40:60) of the thiobarbiturates. 
On adding a little water the solution became turbid and, after standing in a refrig-
erator overnight, a brownish microcrystalline precipitate formed. After filtration, 
washing and drying the precipitate was weighed. 
2.3. Microscopic appearance of pyridinocopper(II), cobalt(II), cadmium(II) 
and nickel(II) thiobarbiturate mixed complexes 
According to CALAS and M A R T I N E Z ( 1 8 ) the barbiturates form monoclinic crystals. 
The investigation of the mixed complexes described in Chapter 2.2. showed that py-
ridinocopper(II) thiobarbiturate complexes were greenish-brown under the micros-
cope. The pyridinocobalt(II) thiobarbiturate is brown, the pyridinonickel(II) thio-
barbiturate is greenish-yellow, and the pyridinocadmium(II) thiobarbiturate is colour-
less. 
Of the prepared complexes the pyridinocopper(II) complexes of EMPTB, 
EMBTB, and A M P T B were examined f rom a toxicological aspect under the mi-
croscope by S C H M I D T ( 1 2 7 ) using another method of preparation. 
The crystalline form and microscopic appearance of the complexes are as fol-
lows. 
It may be seen from the Figures that the thiobarbiturates form differently-shaped 
crystal complexes with the different transition metals and pyridine; therefore, this 















Fig. 1: Pyridinocopper(II)-EMPTB complex. Fig. 2: Pyr id inocopper( I I ) -EMPTB complex. 
Magnified 220 times. Magnified 680 times. 
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Fig. 3: Pyridinocopper(II)-EMPTB complex. 
Magnified 170 times. 
Fig. 4 : Pyr id inocopper( I I ) -AMPTB complex. 
Magnified 170 times. 
Fig. 5: Pyridinocopper(II)-ACHTB complex. 
Magnified 270 times. 
Fig. 6: Pyridinocopper(II)-EMBTB complex. 
Magnified 680 times. 
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Fig. 7: Pyridinocobalt(II)-EMPTB complex. 
Magnified 510 times. 
Fig. 8: Pyridinocobalt(II)-EMBTB complex. 
Magnified 510 times. 
Fig. 9: PyridinocobaltOD-ACHTB complex. 
Magnified 170 times. 
Fig. 11: Pyridinocadmium(II)-EMBTB complex. 
Magnified 510 times. 
Fig. 12: Pyr id inocadmium(I I ) -ACHTB complex. 
Magnified 170 times. 
P 
Fig. 10: Pyr id inocoba l tdD-AMPTB complex. 
Magnified 510 times. 
I 
Fig. 14: Pyridinonickel(II)-AMPTB complex. 
Magnified 510 times. 
Fig. 13: Pyridinocadmium(II)-AMPTB complex. 
Magnified 510 times. 
Fig. 15: Pyridinonickel(II)-EMPTB complex. Fig. 16: Pyridinonickel(Il)-EMBTB complex. 
Magnified 510 times. Magnified 510 times. 
2.4. Determination of the composition of pyridinocopper(II) thiobarbiturate 
mixed complexes 
To establish the composition of pyridinocopper(II) th iobarbi turate mixed complexes, 
their C, H, N, S and Cu contents were determined. Their melting points were also 
taken. 
Sulphur was first determined as sulphate by the method of W I N K L E R ( 3 6 ) af ter 
ignition in a Grote-Krekeler apparatus. However, the results were unsat isfactory 
as low values were obtained. 
Results corresponding to the theoretical values were obtained in a Berthelot-
Mahler-Klöcker b o m b following the S C H U L E K — C L A U D E R method (128). The sulphu-
ric acid evolved in the bomb was determined as bar ium sulphate. 
Copper was determined by two different methods: 
a) Gravimetrically, according to ERDEY (36). The sulphur-containing material 
was roasted in a porcelain pot, then, after dropwise addition of nitric acid, heated 
to constant weight. The residue was weighed as copper(II) oxide. 
b) By means of the complexometric method of FLASCHKA (41). The pyridino-
copper(II) thiobarbiturate complex was ignited in a plat inum pot and the residue 
dissolved in dilute sulphuric acid with gentle warming. The product was t i trated 
with 0.01 M complexon III in the presence of 6—8 drops of ammonia solution a n d 
a little murexide indicator. This procedure was also successful. 
The results can be found in Table 5. Da ta listed in that Table are average values 
of the results of at least 3 parallel determinations within 0.1% deviation. 
The melting point of each complex can be well determined. Before melting the 
material becomes brownish black, i. e. it melts with decomposition. In the case of 
Cu(II) (py)2 (EM PTB)2 , Cu(II) (py)2 (EMBTB)2 and Cu(II ) (py) 2 (AMPTB) 2 the melt-
ing points are higher than that of the original thiobarbituric acid while the melt ing 
point of the ACHTB complex showed a 20° depression. 
The above data prove that the starting material is suitable for analytical inves-
tigations, and that the composition of the pyridinocopper(II) thiobarbi turate comp-
lexes corresponds to the composition of: 
(TB)2Cu(py)2 . 
Z W I K K E R ' S formula ( 1 5 9 , 1 6 0 ) for the pyridinocopper(II) complex of diethylbarbi-
turic acid is 
(barb)2 Cu (py)2 
essentially in agreement with our results. 
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Table 5 
Investigation of the composition of pyridinocopper(II) thiobarbiturate complexes 




























704,41 54,56 54,76 6,30 6,49 11,93 12,33 9,48 9,02 9,39 9,25 9,33 126 
c u d i ) 
(РУ)» 
(AMPTB), 
700,38 54,88 55,10 5,76 5,90 11,99 11,85 9,16 9,49 9,07 8,99 8,80 127 
C u d l ) 
(РУ), 
(ACHTB), 
748,42 57,77 57,52 5,38 5,22 11,22 11.08 8,55 8,34 8,49 8,31 8,30 159 
to 
SO 
Thus, similarly to that with the barbi turates , the complex fo rma t ion with t h io -
ba rb i tu ra tes takes place according to the following s c h e m e : 
I. React ion of copper sulphate with pyridine: 
C u 2 + + 4 py — [Cu(py)4]2 + 
U. In aqueous pyridine the th iobarbi tura tes part ial ly enolize and ionise : 
R , О С — N H О С — N H 
С С S = С C - S H , 
R 2 О С — N H R2 О С — N 
R, О С — N H X 
С 
/ \ / 
R / О С — N 
С — s - + H 
III. React ion of a th iobarbi tur ic acid der ivat ive with pyr id inocopper ( I I ) : 
[ C u ( p y ) 4 r + 2TB —[Cu(py)2(TB)2]2 + + 2 p y 
Consequent ly , it is the above formula t h a t co r r e sponds to the c o m p o s i t i o n o f 
pyr id inocopper f l l ) th iobarb i tura te complexes, on the basis of the ana logy with the 
pyr idinocopper(I I ) barbi tura te complexes, the analyt ical da t a , and some cons ide ra -
t ions of coord ina t ion chemistry. 
The stabilities of pyridinocopper(II) t h ioba rb i t u r a t e complexes were examined 
in a drying oven at different temperatures du r ing equal per iods of t ime. The complexes 
are qui te stable for 60 minutes at 70 °C: nei ther loss of weight n o r co lour c h a n g e oc-
curs. At 105°C fo r 60 minutes the E M P T B and A M P T B complexes suffer a slight 
loss of weight. In the case of the E M B T B a n d A C H T B complexes the loss of weight is 
greater . The colour of the complexes turns f r o m a da rk shade to a lighter one . Hence , 
before analysis, they were dried over concen t ra ted sulphur ic acid and p h o s p h o r u s 
pentoxide. The observed changes are summar ized in Tab le 6. 
T a b l e 6 
Invest igat ion of the stability of pyr id inocopper f l l ) t h i o b a r b i t u r a t e complexes du r ing d ry ing 
Cu( l l ) (py)., (TB)2 
complex 
Heat ing at 105 С for 
60 minutes 
loss in weight co lou r change 
E M P T B 1 . 3 % -f-
A M P T B 1 , 8 % + + 
E M B T B 1 0 . 3 % + + + 
A C H T B 1 0 . 8 % + + + 
N o t e : + slight 
+ + m o d e r a t e 
4- + -Г s t ronger 
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2.5. Derivatographic thermoanalysis of pyridinocopper(II) thiobarbiturate 
mixed complexes 
During the determinat ion of the composi t ion of pyridinocopper(II) th iobarb i tu ra te 
mixed complexes it was observed (95) that at tempera tures above 105 °C the decom-
position of these complexes occurs, accompanied by a colour change (see Chap te r 2.4). 
F o r a more detailed study of this phenomenon the complexes were analyzed by 
means of a der ivatograph. In this way several useful da ta were obtained concerning 
the na tu r e of the bonds in the complexes. 
T h e pyridinocopper(II) complexes of EM PTB. EMBTB, A M PTB and A C H T B 
(most f requent ly used in therapy) were examined. 
T h e da t a were recorded by means of a M O M der ivatograph (PAULIK—PAU-
LIK—ERDEY system) (109) using samples of 50—100 mg in a 9 . 5 X 1 2 mm pla t inum 
vessel, applying a weak suct ion; the heat ing rate was I2°/minute. 
T h e der iva tograms obtained can be seen in Figures 17—20. 
The results of the calculat ions of the t empera ture values of the T G steps, based 
on analysis of the D T G and D T A curves, are shown in Tables 7 and 8. 
Table 7 
Analysis of pyr id inocopper( I I ) th iobarb i tu ra te mixed complexes on the basis of the 
T G curve 
No. C o m p o u n d 
Pyridine content 2 T B - 2 S H content residual C u O 
Calcd. Found Calcd. Found Calcd . F o u n d 
1. C u ( l l ) (py)2 ( E M P T B h 25,4 
up to 235°C 
25,0 55,75 
up to 350°C 
58,7 11,76 12,5 
2. Cu( I I ) (py)2 ( E M B T B ) , 22,49 
up to 225°C 
22,7 59,42 
up to 350°C 
60,0 10,29 10,9 
3. Cu(I l ) (py)2 ( A M P T B ) 2 
22,59 up to 198
CC 
22,5 59,18 
up to 380°C 
60,0 11,35 12,0 
N o t e : 2 T B — 2 S H = the cor responding th iobarb i tu ra te without an SH group , f rom which 
C u S is f o rmed . 
Table 8 
Analysis of pyr id inocopper (II) th iobarb i tu ra te mixed complexes on the basis of the 
T G curve 
C o m p o u n d 
2—pyr id ine+ 
1 —cyclohexenyl + 
1—ACHTB content 
(without S) 
1 А С Н Т В + 
Icyclohexenyl 
+ 1 S content 
Residual 
C u O 
Calcd. Found Calcd. Found Calcd. Found 
Cu(II ) (py)2 
( A C H T B ) , 62,78 
up to 465°C 
62,8 20,55 
up to 560 C 
20,0 10,62 11,4 
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Fig. 17: Derivatogram of the Cu( I l ) (py) 2 (EMPTB) , mixed complex. 
Fig. 18: Derivatogram of the Cu(lI)(py) 2(EMBTB), mixed complex. 
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-I 1 I 1 1 1 1 1 
10 20 30 40 50 60 70 80 min 
Fig. 19: Derivatogram of the Cu(II)(py) 2 (AMPTB) 2 mixed complex. 
Fig. 20: Derivatogram of the Cu(lI)(py)2(ACHTB)2 mixed complex. 
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The chemical and physical regularities of the thermal decomposition of heavy 
metal complexes containing organic molecules are little known. K Ö R Ö S et al. ( 7 1 ) 
carried out the thermoanalisys of some cobalt(II)-pyrazine mixed complexes. Bar-
bituric acid and barbital were investigated thermogravimetrically by B E R L I N and 
co-workers (9). The only data to be found concerning the thiobarbiturates are those of 
RISTICI and his associates ( 1 1 7 , 118) who determined the water content of cadmium 
thiobarbiturate. The bonding energy of organic compounds and ligands measured 
at room temperature changes on heating; changes can also be brought about by inter-
actions between neighbouring groups; it is also possible for the decomposi t ion 
products to react with the parent compound or with each other, so that the thermal 
change may take a new direction. This applies especially to the heavy metal mixed 
complexes which are rather complicated systems, and is probably the reason why 
such problems have hardly been investigated quantitatively so far (108). However, 
it appeared f rom our investigations that thermoanalysis of the pyridinocopper(Il) 
thiobarbiturate mixed complexes gave TG steps and DTG, D T A curves which could 
be well evaluated. At the same time these data supported our examinations concern-
ing the composition of the complexes (95) and permitted conclusions to a certain 
extent as to their structures which were proved by IR spectral analysis (104). 
Thermoanalytical investigations of the pyridinocopper (II) EMPTB, E M B T B 
and A M P T B mixed complexes clearly showed that in the course of the thermal de-
composition the pyridine (b. p. 115.3 °C) was first removed f rom the system between 
125—235 °C, followed by the thiobarbituric acid derivative between 350—380 °C, 
having gained sufficient energy for break age of the С—S bond (67.0 Kcal /mole) ; 
the sulphur formed copper(II) sulphide which then vapourised (b. p. 445 °C). 
Since the m. p. 's of the investigated thiobarbituric acid derivatives are between 
139 and 160 °C, above this temperature one has to consider their thermal decom-
position. 
The m. p. of thiobarbituric acid is 233 °C. The energy of the C = S bond is 117.8 
Kcal/mole, that of the C = N bond is approximately 145 Kcal/mole and that of the 
C — N bond is 68 Kcal/mole (35). 
Our data suggest that in the complex the copper(H)-pyridine bond can be 
decomposed by smaller energy than the S—С bond. After the th iobarbi tura te 
has left, the system, a residue of copper(II) sulphide remains. 
The thermogravimetric and derivative thermogravimetric curves of copper(II) 
sulphide are known from the work of P A U L I K and LIPTAY ( 1 0 7 ) . The residue loses 
surface-adsorbed water at about 100 °C; then, above 130°C, sulphur is lost at an 
increasing rate and the composition of the solid approximates to that of Cu2S. 
However, before reaching the latter, at about 350 °C, oxidation commences and 
takes place in two steps. The maximum increase of weight corresponds to the trans-
formation of about 12% of the CuS into copper(II) sulphate, and the T G max imum 
occurring at 640 °C to the composition CuO. C u S 0 4 . U p to 710 °C this c o m p o u n d 
decomposes quite slowly; the rate of decomposition is highest at 740 °C, while at 
820 °C the precipitate is completely converted into copper(Il) oxide. At 940 °C this 
also starts to decompose to copper(I) oxide, wich is obtained in a pure form only 
by keeping the material at 1050 °C. 
According to the T G curve only the horizontal section, i. e. between 820—940 °C 
corresponding to the composition of CuO, is suitable to obtain the solid into a f o r m 
of constant composition. 
The above picture can be recorded and measured on the mg scale only with 
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difficulty due to the small copper content of the complex. Thus , instead of the expec-
ted max ima of the curves, in several places only inflections can be found . 
Decomposi t ion of the two A C H T B complexes (containing cyclohexenyl groups) 
is different f r o m those described above. Analyses showed that in the first step not 
only pyridine but also th iobarb i tur ic acid and cyclohexene decomposi t ion prod-
ucts are lost. This is to some extent unders tandable considering the lack of symmetry 
of the c o m p o u n d which may explain the different decomposi t ion . C u S and C u O 
residues are also fo rmed in this case. 
Our earlier s ta tements concerning the composi t ion and structural fo rmulae of 
complexes are suppor ted by the der ivatographic da ta . Accordingly, the general for-
mula of these complexes is the fo l lowing: 
p y 4 / T ß 
X „ / 
РУ ТВ 
The copper is bonded to the th iobarb i tu ra te th rough the su lphur a tom (104). 
2.6. UV spectra of the pyridinocopper(II) thiobarbiturate mixed complexes 
The UV spectra of C u ( I I ) ( p y ) 2 ( E M P T B ) 2 , Cu( I I ) (py ) 2 (EMBTB) 2 , Cu(II)(py) 2 
( A M P T B ) 2 , and Cu( I l ) (py)„ (ACHTB) 2 mixed complexes were taken with a Beck-
man D U spec t rophotometer . The samples dissolved in methano l were measured in 
0.1—1 cm qua r t z cells at r oom tempera tu re against methanol . The spectra are shown 
in Figures 21 and 22. 
A s may be seen f r o m Fig. 21, the spectra of Cu( I l ) (py ) 2 (EM PTB)2 and Cu(II) 
(py) 2 (EMBTB) 2 are completely similar. There is a characterist ic sha rp peak at 288 n m . 
and f u r t h e r maxima at 238 and 342 n m (the latter is broad and flattened). 
37 
Fig. 22: Curves 2, 3 :Cu(I I ) (py) , (ACHTB), Curve 5 :Cu( I I ) (py ) 2 (AMPTB) , 
The curves of Cu( I I ) (py ) 2 (AMPTB) 2 and C u ( I I ) ( p y ) 2 ( A C H T B ) 2 (Fig. 22) a re 
also similar. Broad maxima are found at 260 and 344 nm. C u ( I I ) ( p y ) 2 ( A C H T B ) 2 
shows an addi t ional max imum at 288 nm which appear s on the spec t rum of C u ( l l ) 
( p y ) 2 ( A M P T B ) 2 as only a slight inflexion. 
As a result of these results it seems tha t their U V spectra are no t su i tab le to 
distinguish between complexes of closely related s t ructure . Nevertheless , the U V 
spectra of a pyridinocopper(II) th iobarb i tura te complex con ta in ing a 5-allyl g r o u p 
differs f r o m tha t of the complex where the 5-allyl is replaced by a 5-ethyl g r o u p . T h e 
differences can be readily observed in the UV region of the curves. 
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2.7. Analysis of the absorption and reflectance spectra of соррег(П) 
thiobarbiturate and pyridinocopper(II) thiobarbiturate complexes 
Cu(II) ions and the thiobarbiturates form compounds of composition Cu(TB)2 (100) 
and, in the presence of pyridine, a complex of Cu(II)(py)2(TB)2 (95). This Chapter 
deals with the spectroscopic investigation of the above compounds. 
EMBTB, AMPTB, ACHTB and EMPTB were precipitated with hydrochloric 
acid f rom the corresponding sodium salts (used as intraveneous narcotics) and puri-
fied by recrystallization. The sodium salts served as starting materials for the prepa-
ration of the Cu(TB)2 complexes as follows: 1.5 g of the sodium salt dissolved in 100 
ml of methanol was added to a solution of 0.5 g of CuS0 4 . 5 H 2 0 in 100 ml of metha-
nol and the mixture allowed to stand for 24 hours. During this time the solution be-
came green. It was concentrated in vacuo to 30 ml and the complex formed was 
precipitated with water. After filtration it was washed with methanol and water until 
free f rom sulphate, and dried in vacuo over sulphuric acid and finally phosphorus 
pentoxide. 
The Cu(II)(py)2(TB)2 mixed complexes were prepared as described in Chapter 
2.2. 
Absorption and reflectance spectra were measured with a Beckman D U spectro-
photometer at room temperature in the region 210—1250 nm. Suitably purified 
methanol was used as solvent. The reflectance spectra were measured against MgO 
standards without dilution. Characteristic spectral data are summarized in Table 9. 
Some characteristic spectra are shown in Figures 2 4 — 2 6 . 
I t is well known (5, 126) that the C u 2 + ion, of [Ar]d9 [(t2g)6(eg)3] electronic 
configuration, can form octahedral, square planar and tetrahedral complexes; the 
two former structures being more frequent. In the spectrum of six-coordinated 
[Cu(H 20) e ] 2 + only one wide complex band can be found, at ~ 8 0 0 nm; this is signi-
ficantly shifted ( ~ 6 8 0 nm) if the water molecules are replaced by N H 3 . Owing to 
the J A H N — T E L L E R effect ( 5 7 , 5 8 ) the symmetry of these molecules is decreased and 
the bands are always complex. The main band may be resolved into several (three 
in general) subsidiary bands (8). 
In accordance with the stoichiometry of Cu(ll)(py)2(TB)2 there are two structural 
possibilities: a low symmetry tetrahedron or a square plane. The ninefold degenerate 
ground state of the central ion is split in these cases as shown in Fig. 23. It is obvious 
that the splitting of the ground state differs considerably in the two geometric con-
figurations. In the case of the square plane the dz2 level may be of lowest energy, 
depending on the field strength of the ligands. It has been pointed out that the crys-
tal field stabilization energy of the square plane is much higher than that of the 
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Table 9 





P e a k m a x i m (nm, log e) 
Cu(EMPTB) , 
D. R.a) 880 750 570 — — — 
12,7 — 690 ' (1,44) 610 338 (3,88) 288 (4,17) 236 (4.18) 
Cu(II) (py)2 D. R 740 645 522 — — — 
(EMPTB) , 7,24 — 690* (1,52) — 343 (3,87) 287 (4,28) 238 (4,30) 
Cu (EMBTB) , 
D. R. 870 730 600 — — — 
6,17 705* (1,56) — 345 (3,95) 286 (4,14) 236 (4,20) 
Cu(II) (py). D. R. 850 700 550 — — 
(EMBTB), 4,26 — 695* (1,76) — 341 (4.00) 288 (4,42) 239 (4,43) 
Cu (AMPTB) , 
D. R. 870 745 — — — 
4,7 — 700* (1.79) — 346 (4,01) 284 (4,21) 236 (4,28) 
Cu( l l ) (py)2 D. R. 800 645 538 — — — 
(AMPTB) , 4,28 - 690* (2,20) — 345 (4,22) 290 (4,23) 248 (4,54) 
Cu (ACHTB) 2 
D. R. 860 760 — — — — I 
6,49 — 715* (1,38) — 345 (3,86) 288 (4,27) 236 (4,16) 
Cu(II) (py). D. R. — 655 530 — — — 
(ACHTB) , 2,67 — 680* (1.98) — 342 (4,30) 287 (4,70) 246 (4,84) 
a) D. R. = diffuse reflectance spectrum 
* = complex, asymmetric bands 
t e t rahedra l structure. The latter is formed only when the p lanar a r r a n g e m e n t is 
prevented by steric hindrance. In the case of a square plane the g round s ta te is no t 
degenera te ; accordingly, there is merely spin-only m o m e n t u m and no a n g u l a r m o -
mentum contr ibut ion. The measured value is a b o u t 1.73 BM. 
F r o m the available da ta it may be conc luded tha t the complexes in ques t ion 
have square p lanar configurat ions. The electronic conf igura t ion of the C u 2 + ion 
is d®, d 2 y , d x 2 _ y 2 , and the ligand bonding electrons f o r m a dsp 2 hybrid. This na tu ra l ly 
requires excitation of an electron probably to the 4d level. So the electronic conf igu-
ration of the complex molecule is: 
[Ar]d®, d 2 y , d x 2 _ y 2 , 4s2 , 4 p 2 , 4 p 2 , 4d>. 
In the case of a s t rong field the bonding of the l igands in the d x 2 _ y 2 d i rec t ion is so 
s t rong and they are so near to the metal ion tha t they repel the dx v e lec t rons where-
by their energy decreases. 
In accordance with the foregoing, the centres of the principal bands in the spec t ra 
of the c o m p o u n d s investigated are found between 640 and 760 nm. However , the 
shape and structure of the solution and reflection spectra differ essentially. T h e 
complexity of the bands may be observed in the case of solid C u ( T B ) , c o m p o u n d s . 
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d x y , d y z , d x z 
d z 2 , d x 2 - y 2 У / 
dx 2 -y 2 
Ixy 
\ \ \ 4 d z
2 
dxz , d y z 
o) b) 
Fig. 23: Schematic splitting of the ground state of the Cu2 + ion in a) a tetrahedral, and b) a square 
planar field. 
1200 1000 800 600 400 nm 
Fig. 24: Visible absorption and reflectance spectra. 1: Cu(II)(AMPTB), 2: Cu(lI)(AMPTB)2 , D. R. 
3: Cu(II)(py)2(AMPTB)2 4: Cu ( l l ) (py) 2 (AMPTB) 2 , D. R. (1,3 in methanol) 
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1200 :000 800 600 400 nm 
Fig. 25: Visible spectra. 1: Cu(EMBTB) , in methanol ; 2: C u ( E M B T B ) , , D. R . ; 3: Cu(II ) (py) 2 
(EMBTB)2 in methanol ; 4: Cu(II)(py).2(EMBTB)2 , D. R. 
400 " 300 nrn 
Fig. 26: UV absorption spectra in methanol. 1: Cu(EMBTB)., ; 2 : Cu( I [ ) (py ) . (EMBTB) , ; 3: Cu 
(AMPTB) 2 ; 4 : Cu(II)(py)2(AMPTB)2 . 
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and even more clearly with the Cu(py)2(TB)2 complexes. Applying the method of 
curve analysis it is not difficult to demonstrate at least three subsidiary bands in 
agreement with the energy-level splitting (Fig. 23). It can be concluded that in the 
case of Cu(TB)2 the centres of the principal bands change in the order 
EMBTB < AM PTB < E M P T B < ACHTB 
and with Cu(Il)(py)2(TB)2 compounds in the following way: 
A M P T B = EMPTB < ACHTB < EMBTB 
Moreover, in all cases 
2Cu(TB), > 2 Cu(II)(py)2(TB)2, 
that is, the bonding character of the pyridine-containing compounds shifts signifi-
cantly in the covalent direction. The ligands examined can be put in the spectrochem-
ical series between H 2 0 and N H 3 . 
In solution the complexity of bands decreases to some extent. In the case of 
AMPTB and A C H T B the band is nearly symmetric. The UV spectra of the solutions 
are similar for each complex. Three well-defined bands can be measured for Cu(TB)2 
compounds at about 340, 286, and 236 nm, and for compounds of type Cu(II)(py)2 
(TB)2 at about 343, 288, and 242 nm. Their intensity is generally 6^10,000. Consid-
ering the UV spectra of the free thiobarbiturates, the two bands of shorter wave-
length can be assigned to the excitation of the electronic system of the ligands (л — л* 
transition). These bands also are complex because the ~ 2 4 5 nm band involves the 
characteristic ~ 2 5 0 nm band of free pyridine as well. The typical vibration structure 
of pyridine can be well observed in the case of EMBTB and EMPTB (Fig. 26). The 
band at about ~ 3 4 0 nm can be regarded as a charge transfer band between the cen-
tral ion and the ligand (dv — л* transition). An atomic orbital of the Cu and an empty 
я* excited orbital of the pyridine (or thiobarbiturate) are involved in this process 
(62, 156). It is remarkable that these charge transfer bands appear at essentially 
higher energy than in the simple CuX2py2 (X = C1~, Br~) compounds (62, 156). 
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2.8. Analysis of the absorption and reflectance spectra of cobalt(II) 
thiobarbiturate complexes 
The P A R R I reaction ( 1 0 6 ) , based upon the complex formation between barbituric-
acid derivatives and the cobalt(II) ion, has been applied by several authors (53, 99) 
for the determination of thiobarbiturates. 
Data concerning the structure of barbiturate complexes were reported by Z W I K -
KER (160). He found a 1:2 cobal t ( II)Barbi turate ratio. 
For the partial elucidation of the structure of cobalt(II) thiobarbi turate com-
plexes we have analysed the absorption and reflectance spectra of these complexes on 
the basis of the ligand field theory and refer to their magnetic properties. Results of 
the latter measurements can give valuable information concerning structural a n d 
bonding conditions of the complexes (39). 
In our experiments the cobalt(ll) complexes of EMBTB, EMPTB, A M P T B and 
ACHTB were examined. These complexes were prepared in crystalline fo rm as fol-
lows. 
100 ml of a 1.5% methanolic solution of the sodium salt of the relevant thiobar-
bituric acid was added to 100 ml of a 0.5% methanolic solution of CoCl 2 . 6 H 2 0 , 
and the mixture allowed to stand for 24 hours. During this time the solution became 
green. Its volume was reduced in vacuo to 30 ml and the complex formed precipita-
ted by addition of water. The product was filtered, washed with methanolic water, 
and dried in vacuo over sulphuric acid and finally phosphorus pentoxide. 
In the case of EM PTB the solution was violet-coloured until it was made alka-
line with sodium hydroxide. Afterwards it was treated as described above. 
Absorption and reflectance spectra were measured with a Beckman DU spectro-
photometer at room temperature in the region f r o m 210 to 1200 nm. Readings were 
taken between 1200—800 nm at 5 nm intervals, between 800—400 nm at 4 nm 
intervals, from 400 to 300 nm at 2 nm intervals, and at shorter wavelengths at 1 nm 
intervals. Methanol was used as solvent, and p. a. MgO as the reflectance s tandard. 
Reflectance spectra were measured without dilution of the samples, and for cal-
culations the K U B E L K A — M Ü N K relation (73, 74) was applied. Spectra are shown 
in Figs. 27—29 and their characteristic data are summarized in Table 10. 
From a survey of the Figures it is evident that the spectral structures of all the 
compounds are similar to a great extent. In the UV spectra of methanolic solutions 
(Fig. 27) characteristic maxima can be found at about ~ 2 3 8 and 280—290 nm. 
The structure in this spectral region is practically independent of the substituents 
in position 5 as has already been stated by P O E T H K E and PREUSSLER ( 1 1 4 ) in connec-
tion with the free thiobrabiturates. Only in the case of E M P T B do the characteristic 
44 
Table 10 
Measured and calculated spectral data of compounds of type CoR_,X3 
R 
Concentrat ion 
X 103 M 
Intraligand 
bands d-d bands г * f v*3 
X 101 
v*I V»II v '2 v*3 
EMPTB 







refl. — — 1070 
621 
584 - 1 
EMBTB 







refl. — — 1075 615 — 
AMPTB 







refl. — — 1110 615 — 
ACHTB 
! 







refl. — — 1100 600 
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Fig. 28: Absorption spectra of methanolic solutions of compounds of type C o R . X , . 1 : E M P T B ; 
2: EMBTB; 3: A M P T B ; 4: A C H T B 
• 4 
Fig. 29: Reflectance spectra of compounds of type C o R 2 X 2 . R = 1: E M P T B ; 2: E M B T B ; 3: A M P T B ; 
4: A C H T B 
bands shift (to 255 and 305 nm) but, nevertheless, the s t ructure of the curve is unchan-
ged. 
Characteristic absorption in this region can be produced only by exci tement 
of the electronic system (n-~n* transition) of the N or S a toms. However, the possi-
bility of different charge transfer processes (metal i o n ^ l i g a n d ) must be cons idered , 
to other a tom groups do not absorb significantly in this region. The nearly iden-
tical transition energy values indicate that neither basicity difference of the l igands 
nor C 5 substituents essentially influence the excitation energies. In fact , the U V region 
gives the basic spectral structure of the ligands as has already been observed in the 
case of other complexes containing ligand(s) of characteristic abso rp t ion (80). 
Calculations concerning the oscillator strength also refer to intral igand t rans i t ions . 
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Spectral s t ruc ture in the region above 340 nm is related to the electron system 
of t he central metal ion and is character is t ic . On the basis of the co lour of the c o m -
pounds , the s t ruc ture of the l igands and the spectra , as well as the effect of the solvent 
on t he abso rp t ion spec t rum, a t e t rahedra l C o 2 + c o m p o u n d is p robab le , with 4s, 
4 p x 4 p y 4 p z hybrid bonds . 
T h e seven-fold degenera te 4 F g round-s t a t e of the central metal ion with ( A r ) d 7 
electronic conf igura t ion (S = 3/2) splits into two three-fold and one simple degenera te 
states ( T j , T 2 , and A», resp.) in a potent ia l field of t e t rahedra l symmetry . 
V c 
V, 
T C P ) 
4 ( F ) 
4 ( F ) 
F r e e ion 3n l e t r a h e d r a l ( T d ) field 
Fig. 30: Splitting of the ground state of the Co 2 + ion in a potential field of tetrahedral symmetry, 
and the more important transitions. 
Taking in to cons idera t ion the different d o n o r a toms , the molecules have CoS. ,X 2 
microsymmet ry and belong to the C2 v point g r o u p (X is p resumably O H ~ ) . Cons id -
er ing also the interaction with the higher energy a n d identical multiplicity 4 P t e rm, 
we expect three spin-al lowed, LAPORTE-forbidden t rans i t ions or bands (5, 23, 126): 
V*: 4 T 2 ( F ) ~ 4 A 2 ( F ) = /I 
V*: 4 T J ( F ) - = 1 .5 /1 + 7 . 5 B ' — Q , 
V*: 4 T J ( P ) - = \ .5A + 7 . 5 B ' + Q , 
where 
4Q 2 = A2 - 18В'Л + 225B ' 2 , Q = (v$ - v£)3 
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With tetrahedral compounds the three bands appear between 3300—2000, 
1300—1000, and 700—550 nm, respectively. Their intensities are generally as fol-
lows: e í i S e ^ ^ e J a - The tetrahedral form is also made possible by the fact that 
the Co 2 + ion, as a result of the value of its crystal field stabilization energy, fo rms 
tetrahedral complexes of high spin number much more easily than do the other t ran-
sition metal ions (74). 
The absorption and reflectance spectra of the complexes (Figs. 28, 29) both 
contain the v2 and v3 bands at about ~ 1050 and ~ 6 1 0 n m . The structures of the 
solution and reflectance spectra are identical i. e. no essential change occurs in the 
structure of the molecule on dissolution. The v3 band is generally complex and b road ; 
this indicates the presence of an additional quartet-quartet component . This is to 
be expected, considering the dissimilarity of the ligands coordinated to the Co2 + 
ion (or, rather, the donor atoms) and is traceable primarily to the splitting of the 4 T 1 
level brought about by the spin-orbit interaction. The band complexity is similar 
to that observed with the [Co(py)2X2] (X = C1~, Br~, I - ) compounds (37). 
The tetrahedral complexes have no centre of symmetry, and thus the corres-
ponding transitions are considerably more intense than with the octahedral com-
pounds. For example, in the case of (CoCl 4) 2 - the intensity is about one hundred times 
that observed with [Co(H.20)6]2+ . The oscillator strength values for the v j band, 
calculated by means of the correlation f = 4 . 6 X 1 0 ~ 9 emaxS±, are of the order of 
10 - 3—10~ 4 (втах is the extinction of the maximum, <5+ is the half-width of the band 
at emax/2), this corresponds to the values observed (63) with tetrahedral complexes 
of the first row of transition metal ions (see Table 10). 
According to the exploratory calculations based on the T A N A B E — S U G A N O 
energy matrices (140), the vj band (=<5) can be expected at about 2000 nm. With 
all the compounds, very close R A C A H - B values ( 3 0 ) , and consequently similar ß 
nephelauxetic ( / ? = В ' / В 0 , B 0 = 971 c m - 1 ) values ( ~ 0 . 6 0 ) , are obtained; this is proof 
that the bonds formed in the complex molecules are to a large extent of a covalent 
character. 
Our magnetic measurements showed that the compounds are paramagnetic, 
with values of about ~ 4 . 3 BM. With the use of this value, and with A ~ 5 0 0 0 c m - 1 , 
a constant spin-orbit coupling value of 145 c m - 1 is obtained; this is a significant 
decrease compared with 2„=178 c m - 1 calculated for C o 2 + and indicates overlapping 
of the electron orbitals, i .e . considerable covalent character of the bonds formed. 
2.9. Infrared spectral investigation of the structure of pyridinocopper(II) 
thiobarbiturate mixed complexes 
Dete rmina t ion of the compos i t i on of pyr id inocopper ( I I ) t h i o b a r b i t u r a t e complexes 
prepared accord ing to the m e t h o d descr ibed in C h a p t e r 2.2. (95) u n a m b i g u o u s l y 
proved tha t their compos i t i on was c o r r e s p o n d i n g to the Cu( I I )—(py) 2 —(TB) 2 
general f o r m u l a . 
Since f o r the u n a m b i g u o u s de t e rmina t ion of the s t ruc ture of these complexes 
it is unsa t i s fac tory to k n o w their compos i t i on , this p r o b l e m was s tudied in m o r e detai l . 
The re a re no d a t a in the l i te ra ture conce rn ing the s t ruc tu re of the t h i o b a r b i t u r a -
topyr id inocopper ( I I ) complexes . FIELKOV and RAPAPORT (38) suggested a n o t h e r 
s t ruc tu ra l f o r m u l a fo r b a r b i t u r a t o c o p p e r ( l l ) complexes in add i t i on to ZWIKKER'S 
(159) f o r m u l a ; cons ider ing a c o o r d i n a t i o n n u m b e r of six fo r coppe r . 
Th is f o r m u l a however , was not p roved . 
Severa l a u t h o r s , f o r i n s t a n c e AWE a n d WINKLER (2), TSUKAMOTO a n d YOSHÍ-
MURA ( 1 4 5 ) , HEISE a n d KIMBEL ( 5 3 ) , a n d BAGGES GAARD—RASMUSSEN e t a l . ( 4 ) 
suggested tha t for the ZWIKKER (159) react ion to t ake place it is necessary tha t t he 
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Fig. 31: IR spec t rum of 2 - th iobarb i tu r ic acid. 
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groupings = N — С — N = a n d / o r — N = C — N = be present . However , it has been 
О 
pointed out by MOHRSCHULZ (90) tha t some subs tances not con ta in ing these g r o u p -
ings (e. g. su lphonamides) give posit ive reactions. Finally, UMBERGER a n d ADAMS 
(146) and LEVI a n d HUBLEY (75) proved the s t ruc ture of barb i tu ra topyr id inocopper (LL) 
by means of IR spectral da ta . 
In o rder to de termine the s t ruc ture of the t h i o b a r b i t u r a t o p y r i d i n o c o p p e r ( I i ) 
complexes , we prepared th iobarb i tur ic acid, s o m e of its 5,5-subst i tuted der iva t ives , 
and the cor responding complexes, as already descr ibed (95), and their IR spec t ra 
were taken . 
Spectra were recorded with a Un icam SP 200 spec t romete r . Samples were p r e p a r e d 
using Merck Uvasol К Br. The IR spectra recorded are shown in the fo l lowing Fig-
ures. 
Fig. 32: IR spectra of EMPTB and Cu(I l )—(py) 2—(EMPTB), complexes. 
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Fig. 33: IR spectra of EMBTB and Cu(II)—(py)2—(EM BTB), complexes. 
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Fig. 34: ÍR spectra of AMPTB and Cu ( I l )— (py) ,—(AMPTB), complexes. 
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Fig. 35: IR spectra of A C H T B and Cu(II)—(py)2—(ACHTB)2 complexes. 
The 5,5-substi tuted th iobarbi tur ic acids show intense N — H st re tching a b s o r p -
tion in the region 3400—3200 c m - 1 . In this case, the abso rp t ion , in con t ras t t o t h a t 
of the barbi tur ic acid derivatives, is not a doublet . Thus , in the case of t h i o b a r b i t u r i c 
acid, the absorp t ion between 3400—2200 c m - 1 is p resumably not only due to the N H 
stretching vibrat ions. 
This is suppor ted by the fact tha t th iobarbi tur ic acid gives a compara t ive ly weak 
double t in the ca rbony l absorp t ion region at 1680 and 1700 c m - 1 , while the d o u b l e t s 
due to the 5,5-substi tuted th iobarbi tur ic acid derivatives are much more in tense a n d 
appear at 1670 and 1720 c m " 1 . The band appear ing at a b o u t 1720 c m " 1 in t he case 
of 5-allyl-5-cycIohexenylthiobarbituric acid was split into a doub le t . The a b s o r p t i o n 
in the region 1670 c m " 1 is in all cases much more intense and due to the o the r vC = 0 
stretching. 
The Amide III band of the c o m p o u n d s investigated appears , as in o the r t h i o a m i -
des, at 1 1 5 0 — 1 1 8 0 c m " 1 in all cases, but has the highest intensity in the case of 
th iobarbi tur ic acid. The allyl-substituted thiobarbi tur ic acids show yCH a n d vC = C 
absorp t ions due to the allyl g roup at 960, 1010, and 1635 c m " 1 . 
Many absorp t ions characterist ic of pyridine complexes are found in the case 
of th iobarb i tu ra topyr id inocopper ( I I ) complexes (162). F r o m a m o n g the r ing-vib-
rat ions the v ring (A,) is clearly observable at 1608 c m " 1 in con t ras t to the c o r r e s p o n d -
ing barbi tur ic acid complexes (LEVI—HLBLEY; 75), in which it is concealed by the 
s t rong (Amide I) band . The out -of -p lane de fo rma t ions YCH(B2) were also obse rved 
at abou t 705 c m " 1 . 
In all cases the complexes failed t o give any th ioamide s t re tching a b s o r p t i o n , 
indicating tha t the copper a tom is b o u n d to the su lphur a t o m . The C u — S b a n d cou ld 
not be detected, p robably due to its position and low intensity (48). 
In the complexes bo th the v N — H and vC = 0 s t re tching b a n d s showed c h a r a c -
teristic differences compared with related bands of th iobarb i tu r i c acids. T h e v N — H 
stretching band appear s as a doublet with max ima at 3200 and 3500 c m " 1 . 
Tab le 11 
I R a b s o r p t i o n m a v m a of d i i o u . i r b i t u r i c a c i d d e r i v a t i v e s 
1 N—H 








acid 3200 1700 , 1680 1 158 — 
5-al ly! -4- (2-methyIpropyl) 
th iobarbituric ac id A M P T B 
1 1 1165 1637, 1008 9 5 7 
5 - e t h y l - 5 - ( l - m e t h y l b u t y l ) 
th iobarbituric ac id E M B T B 6, i u / 0 1172 — 
5-e thy l -541 -methy lpropy l ) 
th iobarbituric ac id E M P T B 
1/ . 1672 1175 — 
5-al lyl-5-( 1 - cyc lohexeny 1) 
th iobarbituric ac id A C H T 
! с 4 1170 1628 , 1008, 9 4 2 
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Table 12 
IR absorpt ion bands characteristic of the pyridine in the pyridinocopper(II) thiobarbi turate 
complexes* 
Ring (A, ) 
( c m " 1 ) 
Ring (B,) 
(cm ' ) 
CH (В,) 
( c m - 1 ) 
5-allyl-5-(2-methylpropyl) 
thiobarbi tur ic acid A M P T B 1603 W 770 W 708 m 
5-ethyl-5-(l-methylbutyl) thiobar-
bituric acid EMBTB 1605 w 772 w 710 m 
5-ethy!-5-( 1 -methylpropyl) thiobar-
bituric acid E M P T B 1605 w 768 w 708 m 
5-allyl-5-(!-cyclohexenyl) thiobarbi-
turic acid A C H T B 1609 w 770 w 706 m 
* The designations of bands are given by K A T R I T Z K Y and A M B L E R (65) 
w = weak 
m = middle 
Table 13 
Absorpt ions characteristic of the th iobarbi tura te in the pyridinoccopper (II) thiobarbiturate 
complexes 
I 
N - H 
( c m - 1 
c = o 
( c m " 1 ) 
5-allyI-5-(2-methylpropyl) thio-
barbituric acid A M P T B 3500, 3180 1705, 1640 
5-ethyl-5-(l-methylbulyl) thio-
barbituric acid E M B T B 2500, 3230 1690, 1640 
5-ethyl-5-( 1 -methylpropyl) thio-
barbituric acid E M P T B 3500, 3180 1705, 1640 
5-allyl-5-(l-cyclohexenyl) thio-
barbituric acid A C H T B 3500, 3200 1708, 1645 
A m o n g t h e 
g r o u p , w h i l e in ' 
g r o u p i n g is t o i 
t o t he i n t e n s i t y 
O n t he b a s i s o f 
e d t o g e t h e r , p-
C o n s i d e r i n g 
g e n e r a l s t r u c t c 
Г ' " i d s a p p e a r s t h e A m i d e I b a n d o f t h e — N H — C = 0 
o f 1640 c m 1 t h e A m i d e I b a n d o f t h e ^ C = N - C = 0 
' ,-nsity o f t h e l a t t e r is r o u g h l y i n v e r s e l y p r o p o r t i o n a l 
' t i ng b a n d s a p p e a r i n g in t h e r e g i o n o f 3 5 0 0 c m - 1 , 
e d t h a t i n t h e c r y s t a l l i n e s t a t e t h e r i n g s a r e l i n k -
V o g e n b o n d s . 
e d it s e e m s r e a s o n a b l e t o s u g g e s t t h e f o l l o w i n g 
hi L . . i b i t u r a t o p y r i d i n o c o p p e r ( I I ) c o m p l e x e s : 
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This suggestion is suppor ted by the observa t ions of BAGGESGAARD—RAS-
MUSSEN and JERSLEV (4) who noted tha t this type of complex can be p repa red o n l y 
in the case of 5,5- and 5,5,N-substi tuted barb i tur ic acid derivatives, because the 
N . N ' - , the 5 ,N,N ' - and the 5 ,5 ,N,N'-subst i tu ted derivatives failed to give c o l o u r 
reaction. 
3.0. Photometric determination of thiobarbiturates 
3.1. Photometric determination of thiobarbituric acid derivatives on the basis of their 
pyridinocopper(II) complexes 
The structure of pyridinocopper(II) th iobarbi turate complexes was determined (95, 
104) and their properties studied (Chapters 2.2, 2.3, 2.4, 2.5, 2.6, 2.7) they seemed to 
be suitable for photometr ic determinations. These complexes are green, whereas the 
corresponding barbituric acid derivatives violet; consequently they can be readily 
distinguished f rom each other. 
According to G O M A H R and K R E S B A C H (50) the copper(II) complexes are more 
stable than those of cobalt(II), and thus their photometric determination is much 
simpler. We ourselves applied the cooper(H) ion (100), RAVENTOS (116) copper(IL) 
sulphate and diethylamine, and HEISE and KIMBEL (53) pyridinocopper(II) for the 
determination of thiobarbiturates. 
The latter authors performed the determination by extracting the coloured com-
plex with chloroform. They found the chloroform phase to be brown with Trapanal , 
brownish-green with Thiogenal, yellow with Inactin, and olive-green with Baytinal. 
Since such differences in the spectra of these compounds are not expected as a result 
of their structural similarity, we repeated the procedure with the pharmaceuticals 
listed above. The result was a green colour in each case. To increase the colour sensi-
tivity, HEISE and K I M B E L ( 5 3 ) added solid potassium hydroxide to the mixture and 
then obta ined the absorption spectra of the compounds . F rom these they estab-
lished that homogeneous complexes were formed and tha t the green colour was not 
produced by the superimposition of the known blue colour, of the Z W I K K E R reaction 
(159) and some secondary yellow colour. Details of the quantitative determination 
and the concentrat ion curve were not reported. 
G O M A H R and K R E S B A C H (50) investigated reactions of different substances, a-
mong them thiobarbiturates, with copper(II) sulphate. The mixtures were shaken with 
chloroform/pyridine (9:1) and the colour fo rmat ion studied, but a quantitative de-
termination was not reported. 
Barbiturates have been determined by means of pyridinocopper(II) complexes 
by several au thors (42, 46, 53, 66, 116). 
3.1.1. Establ ishment of the specificity of the reaction 
First of all we studied several pharmaceuticals which give a colour reaction with the 
pyridinocopper(II) reagent ( 5 X l O ~ 2 M copper(II) sulphate in 15:85 pyridine:wa-
ter (v/v); p H 7.4.). For the photometr ic determination the quantity of reagent added 
was slightly in excess of that calculated on the basis of the expected complex fo rmula ; 
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it was sufficient for complex formation of 0.005—0.025 g of the organic substance. 
2 ml of the pyridinocopper(II) reagent was used containing 6.35 mg of Cu(JI) and 
294 mg of pyridine. The results can be seen in Table 14. 
Table 14 
Colour reactions of several pharmaceuticals with pyridinocopper(II) . reagent and the possibilities 
of extracting the colours into ch loroform 
Substance Solvent C o l o u r 
C o l o u r o f the 
c h l o r o f o r m phase 
Acetylsalicylic acid water and methanol blue blue 
Ascorbic acid water greenish-yellow colourless 
Caffeine water and pyridine blue 




Procaine hydrochloride water » 
Sulphathiazole pyridine and water violet-blue greenish-grey 
Sulphamethylthiazole » violet blue 


















a n d water green 
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It is clear f rom the Table that only sulphadimethylpyrimidine gives the same 
colour reaction as th iobarbi tura tes . The ch loroform phase is greenish-grey with 
sulphathiazole and brownish-green with theophylline. These latter, nevertheless, 
can easily be distinguished f rom the bright green colour of th iobarbi tura tes . 
3.1.2. Influence of the pH and the pyridine concentra t ion on the fo rma t ion of 
pyridinocopper(II) th iobarb i tu ra te complexes in various solvents 
Since our previous experiments had showed that the fo rma t ion of pyr id inocopper( I I ) 
th iobarbi tura te complexes strongly depended on the p H of the solution, on the 
concentrat ion of copper(II) , th iobarb i tu ra te and pyridine, and on the solubility of 
the complex in a given solvent, experiments were made for the elucidation of these 
varying factors. We applied 50% aqueous methanol because in this solvent the com-
plexes were extremely s table: the extinctions of the solutions were found to be 
unchanged even af ter several months . 
A s confirmat ion of all tha t has been said previously the following Figures show 
the influence of certain factors on the complex fo rma t ion in the case of Cu(II ) (py) 2 
(EMBTB)., as model . 
As Fig. 36 shows, the Cu( l l ) (py) 4 complex is fo rmed only in the 15, 20 and 25% 
pyridine solutions of 5 X 1 0 - 3 M соррег(П) sulphate. A lower concentra t ion of py-
ridine is insufficient fo r comple te complex-format ion. On acidifying with perchloric 
500 . 
IFig. 36: Formation of Cu(II)(py), as a function of pyridine concentration (5X10 3M Cu2 ; pH 
5.8). 
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Fig. 37: Format ion of Cu(II)(py)2(EMBTB), as a funct ion of pyridine concentrat ion ( 5 x 10~3 M 
Cu2 + ; 10" 3 M EMBTB; p H 6). 
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acid the complex gradually becomes colourless below p H 5.8. Above pH 8 it de-
composes and under the influence of the applied alkali copper(Il) hydroxide precipi-
tates. 
Fig 37 shows that the quantity of pyridine added at pH 6 had no effect on the 
absorption maximum at 625 nm. Hence 15% pyridine was sufficient for complete 
complex formation. At p H 7.42 the situation is the same. The absorbance at the 
maximum increases linearly with increasing quanti ty of thiobarbituric acid. Thio-
barbituric acid, nevertheless, should not be present in a higher molar ratio than 1 
th iobarbi tura te :5 pyridino copper(II) reagent. 
Fig. 38 shows the absorption spectrum of pyridinocopper(Il) thiobarbi turate 
measured at different pH's. The maximum lies at 625 nm f r o m p H 6 upwards. The 
highest extinction values can be measured between p H 6.92 and 7.43. 
F rom the above experiments it is clear that the complexes can be conveniently 
applied for quantitative determination only when they are extracted or the excess of 
the reagent is removed. Otherwise, significant differences can be observed in the 
absorption as a result of the p H effect. 
Reagents required for photometric determinations. 
Aqueous solution of 5 Х Ю ~ 2 М copper(l l ) sulphate containing 15% pyridine 
1 M potassium hydroxide 
Distilled water:pyridine (3:2) 
Chloroform p. a. 
Benzene p. a. 
3.1.3. Photometric determination of thiobarbiturates as pyridinocopper(ll) mixed 
complexes by chloroform extraction 
A measured amount of thiobarbi turate was dissolved in chloroform. From the 
stock solution prepared in this way a quantity corresponding to 5—25 mg was meas-
ured and made up to 5 ml with chloroform. 
To this solution 2 ml of pyridinocopper(II) reagent was added, the mixture sha-
ken, and the lower layer separated. Shaking was repeated with chloroform (2.5 and 
2 ml), then the combined phases were made up with chloroform to 10.0 ml. The 
resulting solution is not opalescent and its colour intensity is quite definite. The 
extinction of the green colour of the complexes was measured in a 1 cm cell by means 
of a spectrophotometer. The maximum value of the extinction spectrum was found 
at 625 nm. 
The colour stability of the complexes formed was checked by measuring the extinc-
tion in a covered cell at different intervals. The resulting values are collected in Table 
1 5 . 
In connection with the examination of barbiturates, MATTSON and H O L T (82) 
report that the colour of the pyridinocopper(II) complex is stable for several hours. 
Nevertheless, f rom our results it appears that after half an hour the extinction of 
the thiobarbiturate mixed complexes shows a tendency to decrease slowly. The 
colour intensity was quite stable for an hour but the presence of water caused a de-
crease of the colour intensity and an opalescence. For the experiments the opt imum 
laboratory temperature was 20 °C. We at tempted to extract the pyridinocobalt(Il) 
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Table 15 
Colour stability of pyridinocopper( l l ) thiobarbiturate complexes in chloroform 
Complex 
N u m b e r of minutes before measurement 
of ext inct ion 
0 30 60 120 150 
Cu(II) (py), (EMPTB), 0.53 0.53 0.515 0.50 0.48 
Cu(ll) (py), (EMBTB), 0.465 0.465 0.45 0.43 0.41 
Cu(II) (py), (AMPTB), 0.49 0.485 0.47 0.43 0.42 
Cu(l l ) (py), (ACHTB), 0.365 0.365 0.35 0.33 0.31 
t h i o b a r b i t u r a t e and pyr id inonickel ( I I ) t h i o b a r b i t u r a t e complexes with c h l o r o f o r m 
but they were unsui table for pho tomet r i c m e a s u r e m e n t s because of t h e unsa t i s -
f ac to ry co lour intensity and the opalescence of the resul t ing pink and pa le b lue 
so lu t ions , respectively. 
3.1.4. Pho tomet r i c de te rmina t ion of t h i o b a r b i t u r a t e s by benzene ex t rac t ion of the i r 
py r id inocoppe r ( l l ) mixed complexes 
Pyr id inocopper ( l l ) t h ioba rb i tu r a t e complexes can be ex t rac ted with b e n z e n e to give 
green solu t ions which can be used for p h o t o m e t r i c d e t e r m i n a t i o n . N o d a t a a r e a -
vai lable in the l i terature conce rn ing this finding. 
On the basis of the previous method wi th c h l o r o f o r m the weighed t h i o b a r b i -
tu r ic acid derivat ive was dissolved in benzene . F r o m the s tock so lu t ion an a l i quo t 
quan t i ty co r re spond ing to 5—25 mg of T B was t aken ou t and m a d e u p to 5 ml 
with benzene. T o this solut ion 2 ml of p y r i d i n o c o p p e r ( I l ) reagent was a d d e d a n d , 
a f te r shaking , al lowed to s tand. T h e u p p e r benzene phase was s epa ra t ed in a s e p a r a t -
ing funne l or by means of a pipette a n d repea ted ly shaken with b e n z e n e (2.5 a n d 
2 ml, respectively). The c o m b i n e d benzene f r a c t i o n s were m a d e u p wi th b e n z e n e 
to 10.0 ml and the ext inct ion of the green complexes was m e a s u r e d in a 1 c m cell 
by m e a n s of a spec t ropho tome te r . T h e a b s o r p t i o n m a x i m u m was aga in f o u n d a t 
625 nm, and consequent ly the solvent had n o effect on the pos i t ion of t he m a x i m u m . 
T h e ext inct ion was measured in a covered cell at d i f ferent in tervals , when it w a s 
f o u n d tha t the co lour intensity did no t c h a n g e within half an h o u r (s imi lar ly t o 
the c h l o r o f o r m method) , bu t later did s h o w a t endency to decrease . In t he e x t r a c t i o n 
m e t h o d s there is a l inear corre la t ion be tween the ext inc t ion and the c o n c e n t r a t i o n ; 
these p rocedures are most sui table f o r the d e t e r m i n a t i o n of 0 .005—0.020 g of t h io -
ba rb i tu ra t e . These m e t h o d s are direct a n d q u i c k ; wai t ing t ime is n o t necessary . A s 
a result of the sui table sensitivity and c o l o u r s tabi l i ty of the c o m p l e x it can be f a v o u r -
ably appl ied for de te rmina t ion of the t h i o b a r b i t u r a t e con t en t . 
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3.1.5. Photomet r ie determinat ion of th iobarb i tura tes by means of their pyridino-
copper( l l ) mixed complexes af ter alkaline decomposi t ion of the excess reagent 
In add i t ion to the fo rmer procedures, another method was developed for the photo-
metric de terminat ion of pyridinocopper(I I) th iobarb i tu ra te mixed complexes. When 
a pyr id inocopper(I I ) complex reacts with potass ium hydroxide solution the complex 
decomposes and copper(II) hydroxide precipitates. The precipitate is a characterist ic 
blue and the solution colourless if enough potassium hydrosyde is present. On the 
other hand , the pyr id inocopper( l l ) th iobarb i tu ra te mixed complex dissolves in po-
tassium hydroxide to give a green solution. In the case of an appropr ia te a m o u n t 
of alkali the excess pyridinocopper(II) reagent decomposes and separates as cop-
peril I) hydroxide. Af ter centr i fugat ion, the resulting green solution can be used for 
photometr ic de terminat ion . 
In the course of our investigations the th iobarbi tura tes were dissolved in pyri-
dine and diluted with water to obtain an aqueous solution conta ining 40% pyridine. 
The concent ra t ion of th iobarb i tu ra te in the pyridine-water solvent was approxi-
mately 2 X 1 0 - 2 M ; samples equivalent to 5—25 mg of ТВ were removed a n d each 
was m a d e up to 5 ml with a wate r :pyr id ine (3 :2) mixture. After addi t ion of 2 ml 
of pyr id inocopper( l l ) reagent to the mixture, it was shaken, allowed to react with 
3.0 ml of M potassium hydroxide and finally centr i fuged. The extinction of the clear 
green centr i fuged solution was measured in a I cm cell with a spec t rophotometer . 
The absorp t ion maxima of the samples were at 625 nm. 
T h e sod ium salts of th iobarbi tur ic acid can be directly determined pho tomet r i -
cally by this method . When using this procedure sodium th iobarb i tura te was dissol-
ved in 3 ml of wa te r :pyr id ine mixture (3 :2) and the solution made up to 5 ml with 
the same mixture . 
F rom the stock solution quanti t ies equivalent to 5—25 mg were removed and , 
after mak ing up to 5 ml, 2 ml of pyridinocopper(II) reagent was added to the shaken 
solution. 3 ml of 1 M potass ium hydroxide was added , the mixture again shaken, and , 
after being kept 1—2 minutes, centr ifuged for 7 minutes. The extinction of the clear 
green solut ion thus obtained was measured with a Spek t romom 201 spect rophoto-
meter. The absorp t ion spectrum is quite similar to those of th iobarbi tur ic acid de-
rivatives; its maximum was found to be at 625 nm. 
Table 16 






















Ö 0,004846 0,007269 
0,15 
0,225 
2 3 0 0,009692 0,315 
3 2 2 ml IN 0,014538 0,475 
4 1 0,019384 0.61 
5 0 (N 0,024230 0,745 
5,5 0 2,5 
2,0 0,026653 0,835 
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Table 17 















0.5 4,5 0,002304 0,07 
1 4 0.OC46O8 0,14 
1,5 3,5 0,006912 0,22 
2 3 IT, 0.C09216 0,30 
2.5 2,5 2 ml ° 0 ,011520 0,38 
3 2 o_ 0,013824 0.45 
3.5 1,5 ГЧ 0.016128 0,52 
4 1 IT. 0,018432 0.60 
5 0 r í 0,023040 0.74 
Table 18 
Photometr ic determinat ion of EMBTB on the basis of its pyridinocopper(II) 






py-Cu( l l ) -
reagent 
M K O H 
ml 




0 . 5 4 . 5 0 , 0 0 2 4 2 4 0 , 1 6 5 
1 4 0 , 0 0 4 8 4 8 0 . 2 9 
2 3 0 . 0 0 9 6 9 6 0 , 4 5 
2 . 5 2 , 5 2 m l 3 0 , 0 1 2 1 2 0 0 . 5 1 5 
3 2 0 . 0 1 4 5 4 4 0 . 6 1 5 
3 . 5 1,5 0 , 0 1 6 9 6 8 0 , 6 9 
4 1 0 , 0 1 9 3 9 2 0 , 7 3 
5 0 0 , 0 2 4 2 4 0 0 , 8 8 
Table 19 
Photometr ic determinat ion of EMBTB-sodium salts on the basis of its pyr id inocopper( I I ) 






py-Cu( l i ) 
reagent 
M K O H 
ml 




0 , 5 4 , 5 0 , 0 0 1 7 7 0 0 , 0 9 
1 4 0 . 0 0 3 5 4 0 0 , 2 2 
2 3 0 , 0 0 7 0 8 0 0 , 3 7 
2 . 5 2 , 5 2 m l 3 0 , 0 0 8 8 5 0 0 , 4 5 
3 2 0 , 0 1 0 6 2 0 0 , 5 3 
3 . 5 1 ,5 0 , 0 1 2 3 9 0 0 , 6 3 5 
4 1 0 , 0 1 4 1 6 0 0 , 7 2 
5 0 0 , 0 1 7 7 0 0 0 , 8 2 
By means of the method described above E M B T B , E M P T B . A M P T B . A C H T B . and their 
sodium salts were determined (accuracy: within 2%). 
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Our investigations showed that the thiobarbiturates and pyridinocopper(II) 
complex sodium salts can be photometrically determined by the above procedure. 
The dependence of the extinction on the concentration is linear and suitable for 
determinations between 0.005—0.025 g. On standing, the colour intensity slowly 
decreases; therefore, determination must be performed immediately after centrifugá-
don. To carry out this measurement, a laboratory temperature of 20 °C or less is 
required. 
Extinction values are presented with EMBTB as model. 
3.1.6. Evaluation of the results 
On the basis of our examinations it was established that the pyridinocopper(II) 
complexes of thiobarbiturates were suitable for photometric determination. 
Extraction with chloroform or benzene provides a simple means of separation 
of the complexes. Determination after alkaline decomposition of the excess reagent, 
however, makes possible the direct photometric determination of the sodium salts 
of thiobarbiturates. This is very important f rom the point of view of practical drug 
analysis because injections can thus be directly determined without transformation 
into the corresponding acid. 
The Bouguer-Lambert-Beer law was valid for the system, and photometric 
measurement could be successfully applied for the determination of thiobarbiturates 
between 0.005 and 0.025 g. Advantages of the above methods are as follows: 
1. they are simple and can be carried out easily; 
2. due to their sensitivity and accuracy they are suitable for drug analysis; 
3. there is no waiting time, so determinations are rapid; 
4. a violet complex is formed with barbiturates and this excludes the possibil-
ity of the co-measurement of barbiturates. 
A disadvantage of the method is that the reaction is the same with all the thio-
barbiturates; thus, as in the case of mixtures, all the thiobarbiturates are measured 
together. Hence there is no possibility of distinguishing their small structural dif-
ferences in this way. 
Though thiobarbituric acid itself gives a green colour with the pyridinocopper(II) 
reagent, it cannot be measured photometrically because the colour intensity does 
not obey the Bouguer-Lambert-Beer law and it cannot be extracted by chloroform 
or benzene. It is clear f rom the preceding experiments that substituents on C-5 in-
fluence the characteristics of the complexes. 
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3.2. Use of thiobarbituratoeopper(II) complexes for the photometric determination 
of thiobarbiturates 
According to o u r investigations described in C h a p t e r 3.1. the co lour intensi ty of 
Cu(II)—(py) 2—(TB) 2 complexes is influenced by the quan t i ty of amines and pyr idine. 
Thus we a t tempted to determine th iobarb i tura tes also as their copper ( I I ) complexes , 
without pyridine (100). 
The sodium salts of the EM PTB, EMBTB, and A C H T B have been used f o r t h e 
experiments. F rom these derivatives 10" 2 M stock solut ions were p repared in disti l-
led absolute e thanol since in this medium the precipi ta t ion of a complex was not 
experienced. The only difference was with the de te rmina t ion of the a lcohol con t en t 
necessary for the reaction. 10"2 M C u ( N 0 3 ) 2 . 3 H , 0 (Reana l p. a.) was p r epa red 
in absolute e thanol and used as reagent. Measu remen t s were carr ied out in a ther -
mosta ted Beckman D U and a Spek t romom 360 spec t ropho tomete r . 
In order to find the most suitable experimental condi t ions , the fo l lowing experi-
E 
Fie. 39: Spectra of copper* II) nitrate (I) and copper(II) nitrate and different E M B T B Na(2) . (1) 4 X 
1 0 " 3 M C U ( N O . , ) 2 - 3 H . O , ( 2 ) 4 x 1 0 " 3 M C u ( N 0 3 ) 2 - 3 H 2 0 ; 3 . 7 X 1 0 " 4 M E M B T B i n a b s . 
ethanol 
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ments were carried o u t : the absorbances of solutions conta in ing copper( I I ) ni trate, 
and copper(II) ni t rate and different T B N a were measured (Fig. 39). 
As appears f r o m Figure 39, copper(II ) f o rms a complex with T B N a . Spectra 
of the solut ions were taken af te r an hour and no change in the absorbance could 
be found . 
• 
E I 
A = 420 nm (2): A = 4 0 0 n m 
T h e composi t ion of the copper(I I ) -TB complex was determined by the molar 
ratio m e t h o d ; mainta in ing the metal ion concentrat ion constant , the T B N a concen-
t ra t ion was altered and the extinction of the solution measured at different wavelengths 
(Fig. 40). 
Figure 40 shows that in absolute ethanol four 5,5-substituted th iobarbi tur ic 
acid derivatives react with one copper(I I ) ion, thus the composi t ion of the complex 
is: Cu(II)(TB).[. 
The effect of excess concentra t ion of Cu(II) ions on the abso rbance of the 
Cu(I I ) (TB) 4 complex has also been studied (Fig. 41). 
The above Figure shows that the excess concentra t ion of Cu(II ) ions does not 
affect the absorbance of the complexes. 
The effect of water on the absorbance of the Cu(I l ) (TB)4 complexes in absolute 
ethanol has been investigated too (Fig. 42). 
It appears f rom the Figure tha t in 50% ethanol the absorbance changes (there 
is still no complex precipitat ion), which means that on applying non-absolute alco-
hol a separa te calibration curve must be prepared. It was also studied whether or not 
the absorbance of the Cu(I I ) (TB) 4 complex in absolute alcohol changes p ropor t ion-
ally to the concentra t ion, i. e. whether it fol lows the Bouguer-Lamber t -Beer rule 
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a t 360 nm (Fig. 43). This wavelength was chosen since it is here tha t the a b s o r b a n -
ces of Cu( I I ) (TB) 4 and Cu(II ) ni trate exhibit the largest devia t ion . T h e F igure 
demons t ra tes well tha t the concentrat ion curve is a s t raight line, indicat ing t h a t t he 
Cu( l l ) (TB) 4 complex is suitable for spec t rophotometr ic de te rmina t ion . It is best t o 
apply a l iquots of 10~5 — 7 X 10" s ftg/ml th iobarbi tur ic acid derivat ive when the ex-
t inct ion is in the measurement range of 0.1—0.9. 
E 
0 , 4 
0 , 3 _ 
0 .2 
0.1 
10"3 2.10"3 З.Ю"3 4.10"3 M 
Fig 41: Influence of the Cu(II) ion concentration on the absorbance of Cu(II)(TB)4 (1): 7. = 420 nm 
3.7X Ю - 4 M A C H T B (2): 2 = 400 n m 3.7X 10"4 M A C H T B 
320 340 360 380 400 420 440 460 nm 
Fig. 42: Effect of water on the absorbance of Cu(II) (TB)4 complexes in absolute ethanol . 4 x 1 0 - 3 M 
C u 2 + ; 3.7X 1 0 - 4 M A C H T B (1): 100% ethanol (2): 50% ethanol 
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Table 20 
Spectrophotometr ic determination of EMBTB in form of Cu(II) (TB)4 complexes, at 360 nm 
T B N a 
Taken 
(gg) 
F o u n d 
(tig) 
Difference 




































Accuracy: w i t h i n + 1 % 
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Measurements were performed in the following manner : 20 mg of the sodium 
salt of the thiobarbituric acid derivative to be determined was weighed by difference 
(hygroscopic compound) into a 100 ml volumetric flask, dissolved in absolute e thanol 
and filled u p to the mark. 2 ml were pipetted into a 25 ml volumetric flask to which 
10 ml absolute ethanolic copper(II) nitrate solution had previously been added. 
Thereafter it was filled up to the mark with absolute ethanol, thoroughly shaken and 
measured in a 1 cm cell in the spectrophotometer at 360 nm. Results were read f r o m 
a previously prepared calibration curve. The method has been successfully applied 
for the determination of sodium salts and injections of thiobarbituric acid deriva-
tives provided as dry powders in sealed ampoules. Our results are listed in Table 20. 
3.3. Photometrie determination of thiobarbiturates as their cobalt(II) 
thiobarbiturate complexes 
The PARRI reaction (106) of barbi tur ic acid derivatives in the fo rm of their cobalt 
complexes has been employed by a number of au thors (1—4, 7, 15, 42, 50, 51, 64, 
70, 75, 81, 110, 134) for analytical purposes. Nevertheless da t a concerning the deter-
mination of th iobarb i tura tes can seldom be found . HEISE and KIMBEL (53) used sodi-
um ni t roprusside to determine th iobarbi tura tes photometr ica l ly ; in their work they 
reported the determinat ion of Inactin and Thiogenal in addi t ion to different methio-
nine derivatives, using the colour reaction with cobalt(Il) ion. Consider ing that the 
cobal t complexes of th iobarbi tura tes seemed to be suitable for the determinat ion 
of o ther members of this group , we have studied this problem in detail. 
Methanol ic solut ions of Co(II) th iobarb i tura te and thiouracil complexes are 
green, while that of barb i tura tes is violet. Hydantoins , and ureides of glycoleic acid 
complexes, fo rm blue complexes with the cobal t(II) ion in methanol . This 
difference in colour is one of the advantage of the PARRI reaction. 
Concern ing the composi t ion of the barb i tura te complexes, da ta can be found in 
ZWIKKER'S publicat ion (160) according to which the C o : b a r b i t u r a t e rat io in the 
complex is 1:2 (anhydrous methanol ic medium). This rat io remains unchanged when 
the solut ion is made alkaline with calcium hydroxide or bar ium hydroxide. SCHWEN-
KER (130) obta ined the same result when he carried out the complex reaction in alka-
line methanol . 
We extended our investigations to EMBTB. A M PTB and A C H T B , most fre-
quently used in therapy, and to their sodium salts. S tar t ing materials were analysed 
a c c o r d i n g t o t h e PHARMACOPOEA INTERNATIONALIS, E d . I. (112) . R e s u l t s o b t a i n e d 
are listed in Table 21. 
Table 21 
Determination of thiobarbiturates and their sodium salts, according to the 





Thiobarbi turate content 
/о 
calcd. found calcd. found 
1. E M B T B 8 . 4 9 8 . 7 5 9 1 . 5 0 9 0 . 8 
2. A M P T B 8 . 5 6 8 . 8 0 9 1 . 4 3 9 0 . 5 
3. 
1 
A C H T B 7 . 8 4 8 . 2 0 9 2 . 1 5 9 1 . 3 
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For the pho tomet r i c measurements we used only u n d e c o m p o s e d mate r ia l s 
conta ining th iobarb i tu ra te between the given limits. T h e pur i ty of the t h i o b a r b i t u r i c 
acids was checked by their melt ing points. 
3.3.1. Determina t ion of th iobarbi tur ic acid der ivat ives 
Reagents and stock solu t ion: 
1. methanol ic cobal t(II) chloride solution sa tu ra ted at r o o m t e m p e r a t u r e 
2. solid potass ium hydroxide 
3. 1 0 - 2 M th iobarbi tur ic acid derivative in me thano l 
F rom the 10~2 M methanol ic th iobarbi tur ic acid stock solut ion increas ing por -
t ions (beginning with 2.5 mg) were wi thdrawn, t ransfer red in to cen t r i fug ing tubes 
fitted with glass s toppers , made u p to 5 ml with me thano l , and 5 d rops of s a t u r a t e d 
methanol ic cobal t ( I I ) chloride solut ion were added to each sample . Each was sha-
ken, then ca. 0.2 g of potass ium hydroxide (1 pellet) was added to the s o l u t i o n ; 
it was again shaken, allowed to s tand for 2 hours , and cen t r i fuged at 3000 r. p. m . 
The absorp t ion spect rum of the bluish green solut ion thus ob ta ined was m e a s u r e d 
with a „ S p e k t r o m o m 360" pho tomete r in a 1 cm cell referred to wa te r as b l ank . 
I n c o n t r a s t t o HEISE a n d KIMBEL (53) , w e f o u n d t h e m a x i m u m o f t h e a b s o r p t i o n 
spectrum to be at 625 nm, and thus o u r pho tomet r i c measu remen t s were car r ied ou t 
at tha t wavelength. 
By means of the method ment ioned above we have p lo t ted the c o n c e n t r a t i o n 
curves of EMBTB, A M P T B , and A C H T B . W e f o u n d tha t coba l t complexes of t h e 
E ! 
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Fig. 45: Concentrat ion curves of F. МВТ В, AMPTB, and ACHTB. 
th iobarbi tur ic acid follow the Bouguer-Lambert-Beer law between I0~ 2 and 10~3 M 
concentra t ion limits; hence they are suitable for photometr ic determinat ion. 
Fig. 45 illustrates the results of our measurements . 
The photometr ic procedure in the l i terature, based upon the complex format ion 
of cobalt(II) th iobarb i tura te , is sui table for the determinat ion of the th iobarbi tur ic 
acid derivatives. In practical d rug analysis, however, it is the sodium salts of these 
compounds tha t must be determined. The latter compounds , applied as intraveneous 
narcotics, are dispensed as dry powders in sealed ampoules . Tha t is why the direct 
determinat ion of the sodium salts of the th iobarbi tur ic acid derivatives is of impor-
tance. 
3.3.2. Photomet r ic determinat ion of sodium salts of th iobarbi tur ic acid derivatives 
by means of their cobal t(II) complexes 
Sodium th iobarb i tura tes are hygroscopic and labile; consequently the injection 
mus t be freshly prepared, by dissolving the contents of the sealed ampoule promtly 
before use. To obtain correct results, it is also advisable to perform the de terminat ion 
immediately. 
Water absorp t ion of the sod ium salts of th iobarbi tur ic acid derivatives was 
studied on the sodium salt of E M B T B . The relative humidity of the air was 49.8% 
determined by means of a hygrometer with two thermometers ( „ L a b o r " type). 
Fig. 46 demons t ra tes our results. 
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As t h e d a t a of Fig. 46 show, it is adv isab le t o ca r ry ou t t he m e a s u r e m e n t in a 
g round-g l a s s s toppered measu r ing vessel i m m e d i a t e l y a f t e r o p e n i n g t h e a m p o u l e . 
Fig. 46: Water absorption of sodium EMPTB at a relative humidity of 49.8% (starting weight: 
0.4650 g). 
E J 
A M P T B - N a 
E M B T B - N a 
ACHTB-No 
/ 
Fig. 47: Concentration curves of EMBTB, AMPTB, and A C H T B sodium salts f rom direct measure-
ments. 
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T h e p h o t o m e t r i c de t e rmina t i on was carr ied out as fol lows. T h e measured a m o u n t 
•of sodium t h i o b a r b i t u r a t e (ca. 0.08 g) was dissolved in 25.0 ml of m e t h a n o l con ta in ing 
10 d rops of M HCl . F r o m this s tock solut ion increas ing por t ions , con ta in ing f r o m 
2.5 to 12.5 mg, were w i t h d r a w n and measured in to cen t r i f ug ing tubes provided with 
s toppe r s , a n d m a d e u p to 5.0 ml with m e t h a n o l . 5 d r o p s of s a tu ra t ed me thano l i c 
coba l t ( I I ) ch lo r ide were added d ropwise t o each. T h e reac t ion mix tu res were shaken 
a n d a b o u t 0.2 g of solid po t a s s ium hydrox ide was a d d e d ; the mixtures were again 
shaken , a l lowed to s t and for 2 hours , cen t r i fuged , and the ext inct ion measured in a 
1 cm cell at 625 nm. T h e a b s o r p t i o n spect ra of t he sod ium th ioba rb i t u r a t e s were 
de te rmined by the m e t h o d descr ibed a b o v e for the c o r r e s p o n d i n g acid. Their con-
cen t ra t ion curves give direct ly the values of the sod ium salt of t he co r r e spond ing th io -
barb i tur ic acid (Fig. 47). 
W e carr ied ou t s o m e exper imen t s with m e t h a n o l i c so lu t ions of sod ium th io -
ba rb i tu ra t e s and coba l t ( I I ) ch lor ide by m e a n s of a p h o t o m e t r i c m e t h o d in o rder t o 
es tab l i sh t h e t ime and c o n d i t i o n s requi red fo r complex f o r m a t i o n . 
The spec t ra of the so lu t ions con t a in ing C o 2 + and t h i o b a r b i t u r a t e s whjch were 
measured at d i f ferent t imes a re shown in Fig. 48. 
Fig. 48: Formation of cobalt(II)-EMBTB complex as a function of time and pH. 
Curve 1: 1.2x 10~2 M CoCI2-6 H..O, 
Curve 2: I . 2 x l O ~ 2 M CoCI2-6 H , 0 . 
I . 8 X 1 0 - 2 M EMBTB 
Curve 3: l . 8 x l O " 2 M EMBTB 
Curve4 : 3 X I O " 2 M CoCI2-6 H 2 0 , 
1 .8X10- 2 M EMBTB and 0.2 g KOH after standing for 2 hours 
Curve 5: 6 x l 0 " 3 M CoCl 2-6 H 2 0 , 
2.7X Ю - 2 M EMBTB-Na, after standing for 3 hours 
Curve 6: 6 x l 0 " 3 M CoCI,-6 H 2 0 , 
3.6X I0" 2 EMBTB-Na, after standing for 1 hour 
Curve 7: 3 x l 0 - 3 M CoCl 2-6 H 2 0 . 
1.8Х 10- 2 M EMBTB-Na, after standing for 24 hours 
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Curves 4 and 7 show that the reaction occurs more rapid in the presence of 
potassium hydroxide. On the other hand, when a methanol ic solution of cobal t ( I I ) 
and thiobarbituric acid is allowed to stand for 24 hours no green complex f o r m s 
(Curve 2). Since no reaction takes place with th iobarbi tur ic acid wi thout m a k i n g 
the solution alkaline (in the presence of potass ium hydroxide it proceeds in several 
hours) we concluded that the reaction between sodium th iobarb i tu ra te and cobal t ( I I ) 
ions depends on the basicity of the solution. 
Al though it was possible to measure pH in a methanol ic medium the s t rength 
of the colour reaction could be given approximately in the following way : 
C o 2 + + s o d i u m thiobarbi tura te + potassium hydroxide :»(s t ronger t h a n ) C o 2 + + 
+ sodium th iobarb i tura tes - ( s t ronger than) reaction product f rom C o 2 + - H h i o -
barbituric acid. 
3.3.3. Dependence of the reaction on time and tempera ture 
The colour stability of the complexes formed was investigated by two me thods in 
the case of thiobarbi tur ic acid derivatives. 
1. Time dependence. The extinction of the cobal t(II) complexes of th iobarb i -
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Investigation of colour stability of cobalt(II) th iobarbi turate complexes as a func t ion of 
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20 25 50 67-5 °C water-bath 
Fig. 50: Influence of the temperature on the colour stability of cobalt(II) thiobarbiturate complexes. 
showed (Fig. 49) that the extinction remained unchanged within the limit of error 
af ter 12 hours ; indeed, even af ter a much longer time it showed only a small decrease. 
2. Dependence on the temperature. Solutions of the complexes were kept at dif-
ferent temperatures for an hour and then the extinction was measured. 
After an hour at 5, 10, 15 or 20 °C the extinction was unchanged, but at 25 °C 
it increased significantly. When the temperature was fur ther increased, the extinc-
tion value exceeded 1. This was the consequence of the decomposit ion of the comp-
lex since the solution became turbid at the same time. Therefore, it was important 
to keep the temperature at 20 CC or less during the investigations. 
Our results are shown in Fig. 50. 
By means of the above method the dry content of the ampoule (sodium thio-
barbiturate), and the thiobarbi turic acid derivatives also, can be simply and quickly 
determined. 
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4.0. Investigation of thiobarbiturates and pyridinocopper(H) thiobarbiturate 
mixed complexes by means of paper electrophoresis 
Since thin layer chromatographic investigations of Cu(l l)(py)2(TB)2 complexes were-
unsuccessful, we attempted to examine these compounds by paper electrophoresis. 
Several authors have already dealt with paper electrophoresis of barbiturates,, 
e . g . KINOSHITA a n d MORIYAMA ( 6 7 ) , C A L O e t a l . ( 1 9 ) , STAINIER e t a l . ( 1 3 3 ) , M E R -
VILLE et al. ( 8 3 ) , and TOMODA et al. ( 1 4 2 ) . However, data concerning the electro-
phoresis of thiobarbiturates could not be found. Thus we at tempted to develop a 
procedure suitable for the electrophoresis of thiobarbi turates and pyridinocopper(II)-
thiobarbiturate complexes. Our further aim was to adopt that method for the elec-
trophoresis of thiobarbiturates in serum. This problem is very important because 
protein fractions of patients narcotized with thiobarbi turate must frequently be de-
termined and this necessitates knowing the electrophoretic behaviour of thiobarbi-
turates. 
The electrophoretic migration of pyridinocopper(II) thiobarbi turate mixed 
complexes was also completely unknown; therefore, we studied this question with 
the aim of furnishing further data concerning the properties of the complexes. 
Thiobarbituric acid derivatives were prepared as in chapter 2.2, and the corres-
ponding pyridinocopper(ll) mixed complexes by our earlier reported method (95). 
For the choice of the appropriate electrolyte we examined a number of solutions 
of different composition. We studied the correlation of the voltage increase with 
the time period and with the ionic strength of the electrolyte for the respective buff-
ers. The results obtained are listed in Table 22. 
The Kolthoff buffer with pH 9.7 proved to be the most suitable. Using Tris 
solution, the applied substance could be developed neither with mercury(I) nitrate 
nor with silver nitrate, nor in iodine vapour. Гп the case of sodium citrate and a m -
monium hydroxide the development was also unsuitable. During the migration in 
the case of the disodium hydrogen phosphate buffer the bands of the complexes 
extended over 3—4 cm. 
We applied the wet cell procedure of paper electrophoresis, i. e. paper strips 
impregnated with buffer solution are freely suspended horizontally between the two 
vessels containing buffer. A solution prepared f r o m sodium dihydrogen phosphate 
and sodium tetraborate according to Kolthoff was used as buffer (adjusted to p H 
9.7 with 2 M sodium hydroxide). From Whatman No. 1 paper ten strips were pre-
pared in parallel (2.5 c m X 2 0 cm) and at each edge one strip (1 .5X20 cm). The 
strips were separated from each other by distances of 1.5 mm. The paper was wetted 
by immersion in the buffer and the excess buffer blotted off. 
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Table 22 
















Kolthoff p„ 9,7 120 115 8 12 12h 
Ammoniumhydrox ide 120 118 2 3 l l h 
Kolthoff p„ 9,7 200 190 20 35 4 h 
Kolthoff p H 9,7 
(2 steps) 200 190 23 40 4
h 
Tris 250 245 3 5 6 h 
N a . H P O j 250 250 12 15 l h 
Kolthoff pH 9.7 300 295 20 32 l1/*" 
A fresh 1 % solution was prepared f rom the th iobarb i tura tes and their pyridino-
copperf II) complexes with 0.1 M sodium hydroxide. 100 /tg of the substance, together 
withO.l ml 5 X 1 0 ~ 2 M pyridinocopper(I l ) reagent were applied to the start-line by 
means of a micropipet te over the whole width of the paper strip. The products could 
be well detected when as little as 50 /tg of substance was applied. As solvent we at-
tempted to use pyridi ne but in this case the substances failed to migrate. 
For direct control of the migrat ion, dyestuff mixtures were run on both edges 
(fluorescein, phenol red, b romopheno l blue, and methyl red). Together with the 
dyestuff mixtures, a lbumin or dextran were applied to establish the mobili ty values. 
On the basis of HUGHES'S investigations (56), the electrophoretic mobility of albumin 
is (u) — 6.OX 10~5 cm/volt sec., and that of dextran is zero because it has no charge. 
Af ter the run the paper was dried at 110°C in a desiccator. Room tempera-
tu re drying caused the developed spot to spread to a small extent. 
As developing agents the fol lowing substances were used: 
1. 1 per cent Hg , (N0 3 ) . , solution, 
2. 0.1 M A g N 0 3 " a n d 10% N H 4 O H (1:1), 
3. I2 vapour , 
4. a solution of 0.5 g C u S 0 4 . 5 H , 0 , 3 ml of diethylamine, and 100 ml of 10% 
NaOH for development of ТВ. 
5. 10% K 4 [Fe (CN) e ] to develop copper . 
For the increase of sharpness and intensity of the spots we e laborated a new 
developing method with mercury( l ) ni trate which gave the most favourable result. 
When dry, the paper was immersed in 1% mercury(I) ni t rate solution for 1—2 
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minutes , then placed in to 0.1 M sodium h y d r o x i d e so lu t ion . In the a lka l ine m e d i u m 
the spot became s t ronger and a t the same t i m e the p a p e r t u r n e d grey. A f t e r r eac t ion 
fo r 1—2 minutes , the paper was placed in a 0 .5% ni t r ic acid so lu t ion , t h e n , a f t e r 
3—4 minutes , r emoved and dr ied. On the wh i t ened p a p e r s o m e wel l -def ined , d a r k 
grey spots could be seen cor responding to t h i o b a r b i t u r a t e s a n d p y r i d i n o c o p p e r ( I l ) 
t h ioba rb i t u r a t e complexes . This method can be well app l ied fo r deve lop ing the t h i o -
ba rb i tu ra t e con ten t of se rums on paper a n d agar-gel as well. In o u r m e t h o d , t he t h io -
ba rb i tu ra t e and the a lbumin ran app rox ima te ly t o g e t h e r ; th is was ear l ie r p r o v e d 
using a p roduc t co loured with fuchsin. 
Resul ts of the invest igat ions a r e summar ized in T a b l e 23. 
Table 23 











E lec t rophore t i c 
mobi l i ty 
(cm 2 /vol t sec) 




oC 4 200 24 —7,33. 10"
5 






4 200 24 Ő СЛ 
О 
—6,94. 10" 5 






4 200 24 —7,46. 10" 5 





(ACHTB), С 4 200 24 —7,03. 10"
5 
Cu(II) (py)4 4 200 24 K4[Fe(CN)6] — 
F r o m the d a t a ob t a ined it is clear tha t t h i o b a r b i t u r i c acid der iva t ives a n d pyr i -
d inocopper ( I I ) t h ioba rb i tu r a t e complexes mig ra t e unde r the inf luence of e lect r ic cu r -
rent . T h e pyr id inocopper ( I I ) reagent remains on t he s tar t - l ine and the c o p p e r c a n 
be developed with po tass ium fer rocyanide . T h e mig ra t ion ra te of t he c o m p l e x e s is 
always grea ter than tha t of the th iobarb i tu r ic acid der ivat ives . 
D u r i n g the run the yellowish b a n d of p y r i d i n o c o p p e r ( l l ) t h i o b a r b i t u r a t e c o m -
plexes can be well seen. T h e freshly prepared c o m p l e x appl ied on t he w h o l e w i d t h 
of the paper runs as a h o m o g e n e o u s , defined spot . T h e yel lowish green b a n d , a f t e r 
deve lopment with mercury( I ) n i t ra te , co r r e sponds to the s t ronges t u p p e r m o s t spo t . 
In the case of Cu( I I ) (py) . , (ACHTB) . , , the yel lowish green b a n d s p r e a d s to an ex ten t 
depend ing on the t ime between the p repara t ion a n d app l i ca t ion of the c o m p l e x . 
As was to be expected th iobarb i tu ra tes and their p y r i d i n o c o p p e r ( I I ) c o m p l e x e s 
failed to give great differences in e lec t rophore t ic mobi l i ty owing t o the s imi lar i ty 
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of their structures. Thiobarbiturates, however, could be well distinguished from serum 
thus in a simple way. On the other hand, it was proved that pyridinocopper(II) thio-
barbiturate complexes did not decompose under the influence of the current and 
they did migrate. The corresponding thiobarbituric acid and its pyridinocopper(II) 
complexes could be submitted to electrophoresis with an electrophoretic mobility 
difference of — 1 — 1.3 X 1 0 " 5 cm2/volt sec. 
81 
5. SUMMARY 
The present work is summarized in the order of Chapters; the results obtained are 
emphasized. (References: 93—100, 104) 
The following compounds frequently used in therapy were prepared: 5-ethyl-5-
-(l-methylpropyl)-2-thiobarbituric acid (EMPTB), 5-ethyl-5-(l-methylbutyl)-2-thio-
barbituric acid (EMBTB), 5-allyl-5-(2-methylpropyl)-2-thiobarbituric acid (AMPTB) , 
and 5-allyl-5-(l-cyclohexenyl)-2-thiobarbituric acid (ACHTB) by HCl precipitation 
f rom the corresponding sodium salts. These derivatives were used for our systema-
tic investigations. 
2-Thiobarbituric acid and its 1-methyl, 1,3-diethyl, 5-phenyl-l-methyl, 5-phenyl-
-1,3-diethyl, 5,5-diethyl-l-methyl, and 1,3,5,5-tetraethyl derivatives were prepared 
by means of a standardised method partially modified on the basis of l i terature data . 
These compounds were characterized on the strength of their melting points and mi-
croanalytical data. 
We attempted to prepare the mixed complexes of pyridinocopper(IT) and py-
ridinocobalt(II) but, as it turned out, no complexes were formed with 5-, N-, 5,N-, 
. 5,N,N'-, or 5,5,N,N'-substituted 2-thiobarbituric acids, and only partially with 2-
-thiobarbituric acid. All the four 5,5- and the 5,5,N-substituted 2-thiobarbituric acids 
mentioned in Chapter 2.1. gave positive reactions. The reduced reactivity of the 
N,N'-substituted barbituric acid and thiobarbituric acid derivatives is proved unam-
biguously by the fact that complex formation fails to take place if there is no possi-
bility of formation of a sulphohydryl group on the pyrimidine ring. At the same 
time this supports the hypothesis that the transition metal thiobarbiturate (ТВ) bond 
comes into being through the sulphur atom. The important role of the two substi-
tuents on C-5 (due to the electron releasing effect) is also obvious f r o m our experi-
ments. As a consequence of this effect and that of the tendency to conjugat ion, the 
proton of the strongly electron-attracting nitrogen becomes mobile and tends to 
fo rm on C-2 a sulphohydryl group of enolic character ready to fo rm complexes. These 
data were compared with pharmacological da ta and some interesting relations were 
found. 
Pyridinocopper(II), -cobalt(II), -cadmium(II), and -nickel(II) E M P T B , EMBTB, 
AMPTB, and ACHTB mixed complexes were prepared in crystalline fo rm, their 
formation conditions and some characteristic properties were described. 
Microscopic photographs of the complexes mentioned above were presented, of 
which only pyridinocopper(II) E M P T B and A M P T B had previously been reported. 
(These, however, were obtained in a different way.) These photos furnished valuable 
data for the characterization of the complexes. 
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Our previous experiments showed that the pyridinocopper(II) thiobarbiturate 
mixed complex was analytically of great importance: consequently, this complex 
was examined in more detail. 
The compositions of the pyridinocopper(IT) EMPTB, EMBTB, AMPTB, and 
ACHTB complexes were determined. Their C, H, and N content was measured by 
microanalysis, their S content as sulphate after ignition in a B E R T H E L O T — M A H L E R — 
K L Ö C K E R bomb, and their Cu content gravimetrically and complexometrically after 
ignition of the complex. The formula Cu(II)(py)2(TB)2 was assigned to the complexes. 
At the time of the determination of the composition of copper(II)(py)2(TB)2 
mixed complexes it was observed that these complexes decomposed and underwent 
a colour change when dried above 105 °C. This problem was studied in detail deriva-
tographically; it was found that the examined complexes decomposed in a manner 
characteristic of mixed complexes. First they lose pyridine from the molecule; then 
the thiobarbiturate decomposes partially; finally copper(ll) oxide remains. Tn the 
case of copper(TI)(py)2(ACHTB)2 another decomposition mode was also observed, 
together with the loss of pyridine. According to our calculations it is probable that 
cyclohexene and decomposed thiobarbituric acid are lost from the complex. 
The UV spectra of copper(li)(py)2(TB)2 mixed complexes were taken; these are 
to a great extent similar in the case of ligands with closely related structures. With 
E M P T B and EMBTB mixed complexes there is a characteristic sharp maximum 
at 288 nm, and others at 238—242 and 343 nm. 
In the case of A M P T B mixed complexes there are absorption maxima at 260 and 
344 nm, and for A C H T B mixed complexes also at 288 nm. 
The spectrum of the pyridinocopper(II) complex of а ТВ containing a C-5 
allyl is quite distinct f rom that of а ТВ containing a C-5 ethyl group. 
Absorption and reflectance spectra of copper (II)(py)2(TB)2 and copper(II)(TB)2 
were measured in the region f rom 210 to 1250 nm. The results were interpreted on 
the basis of the ligand field theory. From the available data the conclusion could 
be drawn that the molecules in question are arranged in a square planar form. The 
electronic configuration of the copper in the complexes is as follows: [ 
[Ar]d°,d 2 x y ,d 2 2_ j 2 , 4s2 ,4p2 x ,4p2 y ,4d1 
In this case of a strong field, the ligands in the direction dx2_y2 are bonded 
so strongly and are so near the metal ion that they repel the electrons of the dxy orbit 
thereby decreasing their energy. In accordance with the term splitting figure it can 
be established by means of the curve analysis method that is to say in the case of 
Cu(TB)2 the centre of gravity of the main bands changes in the following order : 
E M B T B < A M P T B < E M P T B < A C H T B 
With complexes Cu(II)(py)2(TB)2 , the order changes as follows: 
A M PTB = EM PTB < ACHTB < EMBTB 
In all cases 
ACu (TB)2 > ACu(II) (py)2 (TB)2, 
i. e. the bond character of compounds containing pyridine shifts significantly towards 
covalency. 
Analysis of the absorption and reflectance spectra of cobalt(II) thiobarbiturate 
complexes showed that the cobalt a tom was tetrahedrally coordinated and the bonds 
formed in the complex molecule had a high degree of covalent character. 
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The exploratory calculations on the basis of the T A N A B E — S U G A N O energy ma t -
rices proved the same result. In accordance with these, the v* band ( = <5) can be 
expected at about 2 0 0 0 nm. With all the compounds very close R A C A H - B values were 
obtained and, consequently, similar ß nephelauxetic Bo values (j? = B'). where Bo = 
= 971 c m " 1 ( - 0 . 6 0 ) . 
This finding was supported by our magnetic measurements, too. The complexes 
are paramagnetic with a value of about ~ 4 . 3 BM. 
The analysis of IR spectra of the Си(1Г)(ру)2(ТВ)2 mixed complexes furnished 
fur ther data concerning the structure of the complexes. The vC = S band characteristic 
of ТВ appears in the spectrum of the compounds examined between 1150 and 1180 
c m - 1 . It is most intense in the case of thiobarbituric acid, due presumably to the 
V—С—О contributions. In the mixed complexes the strong vC = S bonds are ab-
sent; this is a proof that the bonding takes place through the sulphur. On the strength 
of our investigations and the analogy with the pyridinocopper(II) barbi turate mixed 
complex we have given the structural formula Cu(II)(py)2(TB)2 complexes. 
The photometric determination of the thiobarbituric acid derivatives was first 
carried out on their pyridinocopper(II) mixed complexes. The reaction specificity 
of these f rom among other drugs, and the format ion conditions of the mixed com-
plex, were examined in water-pyridine solution. It turned out that under the given con-
ditions only sulphadimidine gives an identical colour reaction smong the drugs in-
vestigated. The determination can readily be carried out between pH 6.4 and 7.4. 
The intense green colour formed was measured in a 1 cm cell at 625 nm, after extrac-
tion with chloroform or benzene or after alkaline decomposition of the excess rea-
gent. It is practical to measure samples of 5—25 mg. The determination is rapid and 
its accuracy lies within the usual ±1%. 
The photometric determination of thiobarbiturates as their copper(II) complexes 
was also elaborated. In this way adjustment of the p H is not required. F rom an inves-
tigation of the conditions of complex formation by means of the mole-ratio method, 
the complex appeared to be Cu(II)(TB)4 in an abs. ethanolic medium. Working with 
10—70 pg portions is the most convenient. The greenish yellow complex fo rmed 
with copper(II) nitrate as reagent was measured at 360 nm in an 1 cm cell. The ac-
curacy of the method is within 2%. 
The photometric determination of thiobarbiturates as their cobalt(II) complexes 
was extended to other derivatives beside the two compounds described by HEISE and 
KIMBEL, and modified in several points. 5—10 mg of TB was measured out , al lowed 
to stand for 2 hours with cobalt(II) chloride and solid potassium hydroxide. The 
extinction of the resulting green complex was determined photometrically at 625 nm 
in 1 cm cells. The appropriate reaction conditions and the dependence on tempera-
ture and time were established. The method could be well applied for determinat ion 
of dry powders dispensed for injection in sealed ampoules (accuracy: within 2%). 
Paper electrophoretic investigation of Cu(II)(py)2(TB)2 complexes showed that 
the electrophoretic mobility of these complexes was 6.17—7.46X 1 0 - 5 cm2 /volt sec 
in a Kolthoff buffer of p H 9.7 (voltage: 200 V; current intensity: 24 m A ; t ime: 
4 hours in a wet cell; paper: W4). This method was also suitable for detecting the 
thiobarbiturate parent compound in serum mercury (I) nitrate (1%) was used as 
developing reagent, after which the paper was treated with sodium hydroxide and 
then soaked in nitric acid. When dry, the thiobarbi turates and their pyr idinocop-
per(II) complexes appeared as intense dark grey colours. Our thin layer c h r o m a -
tographic investigations were unsuccessful. 
The results of the experiments are summarized in 23 Tables and 50 Figures. 
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